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' PREFACE

The assessment procedures that form the ba§is of this Manual
were originally developed in response to a request from the
Demographic Association of El Salvador ,f or help in evaluating
a ser4es of training programs in Population and Family Plan-
ning, and Maternal/Child Health, each directed at a different
professional or paraprofessional level: .

The one objective common to all programs in the series was
that the trainees acquire a body of knowledge and fieda-
mental skills) 0 a number of Public Health-related subject
areas.. Thus, the evaluation of instruction was to focus on
an assessment of the amount of substantive learning that
occurred among the.trainees in the various subject areas.
The assessmentfwas to be effected,by means of a single ob-
jective test instrument administered twice under a Pre-/Post-
Instruction design. Rather than create an achievement test
instrument on the, subject matter and send it to them, it was
decided that abetter procedure would be to prepare a set of
guidelines,for the preparation,of the test instrument and
allbw the Association to Create its own test to meet the
specific program needs. as a result, the idea for a complete
Manual was born.

Field testing of the methodology outlined in the guidelines
was later conducted, at_the.invitation of the US Agency for -
International Development) for a training program-in
Washington, D.C. involving a government-sponsored Population/
Family Planning Program peminar-WOrkshop. Additional ex-
perience with the methods, leading to some modification of
the Manual, was provided by a request for an evaluation con-
sultation by the Department'of Health and Family-ProteCtion
at the National School of Public Health in Rennes', France in

November l973. (A more complete disdussion of the background
of the Manual is pro),Iided in Appendix A.).

While parts of the evaluation procedures are newly introduced
here, the steps involved in the instrument design are for the '

most part not innovative, but are based on what may be taken
as standard thinking on the subject of achievement testing

and measurement. It was not felt that educational and
psychdmetric theory need be brought into the body of the
Manual. It is asVumed that the reader will accept the au-
thority of the sources listed in the bibliography- However,

an appendix discussing some of the theoretical aspects of
achievement test design and the Test/Retest model has been

provided.
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The Manual,has been designed to bea self-contained, com-plete guide to objective achievement testing for purposes of
training Aprogram evaluation. The text has therefore been
arranged to take thereader step-by-step through the pro -cedtres -- from designing the test instrument 4i.e., con-
structing, test items and creating the test format), through
the actual administration of the test, codingand scoring,
And the various statistical analyses that provide the finaY
data for the evaluation. (There are also,appendices coveringother aspects of the methodology for the reader who requires'
Additional information in designing the achievement instru-ment or conducting the evaluation.)

NOTE: Information about individual trainees that can be de-
vi from analysis, of the testing data is not recommended

for use in discriminating between trainees on matters such as)ob placement, salaries, future promotions, etc. The primary
focus on the analysis of test data relating to individual
trainees is for purposes of evaluating the effectiveness of
a sequence of training, as it is reflected in the performance
of the trainees as a group, and by'variations in performances
among subgroups and individuals.
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Those who judge of A work by rule are in regard to others
as those who have a watch.are in regard to others:. One
saysr "It is two hours ago"; the other says, "It is only
three quarters of an hour." I look atAywatch and say tothe ones "Ydu are weary"; and to the other, "Time gallops
with you," for it is only an hour and a half ago.; and I
laligh at those who tell me that time goes slowly. with meand that I judge by 'imagination. They don't know that Ijudge by my'w4tch. (Pascal, Pensees)
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CHAPTER I

-GENERAL DESCRIPTION OF THE METHODOLOGY

This Manual has been designed to provide step-by-step guide-
lines foe 'conducting an evaluation of a structured training .

sequence.

The assessment design to be presented involves essentially:
the testing of a group of trainees before and after a se-
quence of instruction by administration of the same set of
objective-form items under structured testing conditions; and
the appl,ication of a series of statistical procedures to the
resultant scores and individual item responses to determine
the magnitude, direction and level of Test to Retest Changes
in cognitive (subjebt matter) competence*. As will be
stressed repetedly throughout the Manual, the quantitative

. analysis of the testing data can.provide both a measure of
trainee achievement and an assessment of training effective-
ness, by estimating, how much of the increase in levels of
subject competence displayed by the trainees at the end of.
the course can be attiibuted to the training experience.

r-
--

The Manual is in two parts. The first deals with the con-
struction of the test instrument, its administration,.and
methods for ensuring that the material covered.in the test
is bompatible with what is being44planned for the course and
checking that the material which was included in the test
was actually covered in the cold se.

The second. part of the Manual deals with comparative analysis
of thetwo applications of the test, with each step explained
so that it can be done by,either manual/mechanical methods or
by ,computer. .

The fist part of the Manual will be the larger and more
detailed of the two. Although the statistical analysis of the
test results, is important to the assessment outcome, it is the
initial planning, construction and application stages that must
be given special attentiolniriteensure that the test instrument
will serve its intended

e

p se.

ge

* See Note an Terminology, p. 6. This concept refers basically
to the acquisition and mastery (in terms of knowledge, under-
standing and application) of the subject material of instruc-
40ion. (Further discussion of this concept is provided on
pp. 7-8, and in Appendix B.)

13
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Before presenting the practical, how-to aspects of the method-
ology, however, it is necessary to provide asmalr amount of
background and to discuss the uses to which an instrument
Such as this can be appropriately put.

In order to dgcide on an evaluation procedure for any sequence
of training, the objectives of the training must first be
determined. Training program administrators have tradition-
ally evaluated the reception and impact of their programs by
a number of informal and subjective approaches such as ques-
tionnaires, rating scales, and checklists. All of these
self-report procedures have been used, to try to elicit the
following information:

- 1. In relation to their needs and interests, what the
individual trainees got out of,"the training.

2. Rating of training sessions, typically on a scale
from poor to excellent.

3. Rating of individual training sessions in terms of
- selected aspects.

4. Extent to which trainees felt that the training had
prepared them for future work in the field.

5. Rating of instructors in terms of selected con-
siderations.

While these approaches to evaluation may provide qualitative
assessments of a program's impact by identifying strengths
and weaknesses as reported by trainees and by indicating
trainees' feelings about the training, they do not usually
supply an adMinistrator with. substantive objective feedback
of the type required to assess the degree of effectiveness of
current training and to implement improvements for the future'.
The evaluation methodology presented here was developed-to
provide, objective, quantitative feedback to training adminis-
trators whose aim is to increase the levels of cognitive com-
petence of trainees in specific subject areas -- that is, it
provides an administrator with the means to assess the effec-
tiveness of the training in increasing the trainees' competenc
with the subject matter of instruction through their ability
to adapt and apply what was learned to decision-making and
problem-solving situations.

The following procedural format is employed in assessing the
effectiveness of instructitn in terms of increasing levels of
subject matter cjompetusiicer
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1. A pre-instruction baseline level of Competence
(assessing the degree to which the trainee has
already acquired what is to be learned) established
by the administration of a series of objective test
items covering the subject material to be presented
during the course of instruction. (THE PRE-TEqT)

2. Rel.ciew of the planned instruction to determine
whether it will adequately meet the needs and demands
of the current trainee group, based on the results of

the Pre-Test.

3. A Curriculum Audit undertaken durift the course of

the training, to ascertain how much of the subject
material assessed by the test items is in fact
covered during instruction.

4. A second administration of the same set of objective-
form test items at the end of the training sequence.
(THE POST-TEST)

5. Acomparative statistical analysis of Pre-Test atd
Posh -Test results to assess the effects of training
on levels of subject competence.

The administration of the test instrument provides data which

can be broken down into:

11 Data on the training
a. Total test results
b. Results on subsets of items
c. Results on individual items

2. Data. on trainee test performance
a. Total trainee group %-1 -

b. Trainee subgroups
c. Individual trainees

Training Evaluation Hierarchy

It should be emphasized here that the assessment of the impact 4

of training on subject matter competence is only the first

level of training evaluation. The ultimate objective is to
deter4h% how effective the training has been in increasing

the onlithe-job capabilities of trainees. Between this ulti-

mate level and the more immediate level (assessing competence)

la
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are several intermediate levels of evaluation. These levels,
when listed in terms of time sequence, (realization of objec-
tives at increasingly longer range) and measurement complexity,
form a training evaluation hierarch}{, beginning with the level
dealt with in this Manual:

1. Copitive Competence: How much learning (in terms of
ability to use and apply relevant subject matter) can
be said to have occurred as a result of-training in-
struction? Measured by objective-type tests adminis-
tered to trainees before and after training.

2. Relevant Attitude Change: How has training mod-ified
the attitudes of the trainees about the subject matter
or about their_jobs? Measured through structured
attitude scales, projective tests, or other special
test methods (e.g., the Semantic Differential Tech-
nique).

3. Short or Long-Term Retention of New Learning: How
much knowledge and understanding of the subject mate-
rials do trainees retain after selected periods of
time? Measured by delayed re-administration of the
origin41, test or administration of a comparable
instrument.

4. Subsequent Job Placement: To what extent is the job
situation of trainees relevant to the nature of the
training program? Measured by structured follow-up ,
interview or questionnaire.

5. Assigned Job Duties and Functions: Is the training
content, r- ant to ies su,psumed under .the train-
eeee4-s o'

dut
rk role? Measured by structured follow-up

interview, questionnaire, or observation.

.6. Work Performance: To what extent does the worker
employ orgail to employ knowledge and skills ac-
quired during training? Measured by structured_
follow-up observation.

4

7. Staff/Client Relationships: What effect has train-
ing had on woikers. subsequent interaction with
those around them (i.e.workers, clients, patients)
in the working environment? Measured by structured
questionnaire or interview with trainees and others,
or by on-site observation.

A
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8. Overall Job Effectiveness: What significant con-
tributions can be attributed to training in terms
of increased capacity to meet job demands or to
attain goals established by the work role? Measured
by impact on achievement of work obj tives.

te.

This'Manual is one of several proposed to desc ibe the de-
velopment, application and interpretation of instruments,
techniques and designs for assessing the effectiveness of

structured training programs at each of these levels. It

has been designed to be a self-contained reference source,
including the basic information needed to plan, administer
and analyze an objective test instrument under a Test/Re-
test design, and gives additional information for specific

situations.

Although primarily written for administrators of training

programs concerning population, family planning, and-Maternal/
Child Health, the Manual may be used in a variety of train-

ing situations by individuals whose knowledge of and ex-
perience with educational assessment methods may vary. Its

design is .thus intended to be specific enough to permit un-
ambiguous application of the methodology in specific train-
ing programs and flexible enough to be applicable to a

variety of settings. No attempt has been made to create
an actual test instrument that can be lifted directly from

the Manual. Items written into a test instrument will
depend on the subject material specific to a particular se-

quence of instruction and must be designed by those who ac-

tually conduct the training.
,

Jo.
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A Note on Terminology

Since a review of the literature on educational measurement
uncovered no standard set of terms, the, following terms and
their definitions and equivalents should be noted:

1. Cognitive Competence = Subject (matter) Com etence:
a learning outcome of a structured educ Iona ex-
perience involving the acquisition and mastery (in
terms of substantive knowledge, understanding and
application) of the subject material imparted during
a sequence of instruction. For.purposes of assess-
Inept, the operational definition_pf competence em-
phasizes usage, adaptation and application of the
material learned rather than simple recognition or
demand recall of the material at a later time.

2. Instructional sequence = educational input = se-
quence of training: the systematic imparting
through structured lectures, semiaars and/or recit-
ation9/, of subject material of a Bighly specific
naturfh. Implicit in the definition is the fac that
such learning experiences are directed toward pre-
determined educational objectives.

3."-"Fest = Pre-Test: the administration of an achieve-
ment-meaturing instrument at the beginning of an in-
structional sequence.

4. Retest = Post-Test: the administration of an achieve-
ment-measuring instrument at the termination of an
instructional sequence.

5. Items = Test Tasks: individual test questions or pro-
blems.

6. Item Set-= Subset = Subtest: the subdivisions or
grouping'Of items, each subdivision corresponding
to a separate subject matter area.

7. Composite Test = Total Test: the total number of
items comprising the complete instrument; the sui
of the /tem Sets.

18



CHAPTER II

THE TEST INSTRUMENT

Designing the Test InstrdMent: Overview

A valid assessment of educational achievement is the result

of a systematically controlled succession of-steps beginr4ng
with the identification of relevant objectives, continuing
through construction and administration of the assessment
instrument, and ending wit scoring, analysis, and interpre-
tation of results.

A major purpose of the training process is imparting substan-

tive subject matter to trainees. It is safe to assume that
the training instructors desire that the trainees acquire full
comprehension of the scope, applications and limitations of
the more significant subject matter. In order to assess the
extent to which this general learning outcome is achieved, it
is first necessary to translate it into components, which in
turn will be translated into performance variables that can be,'

observed and subjected to objective, quantitative measurement.,'

The content of most subject areas covered in training courses
consists of methodology, facts, theories, problems, and points'

of view. In most tfulnlhg programs the emphasis for the 1

trainee is on developing competence in subject content usage
and application rather than on content recognition and recall.
This is because what the trairre is able to do with the subject
material will contribute more toward his subsequent "on-the-
job" effectiveness than will simply being able to remember it

on demand. Thus for purposes of assessing trainee achievement
and training impact, subject matter competence is defined as
the trainee's expected ability to perform specific operations

on, and make specific applicatiA,n of, the subject material
that was encountered during a sequence of training instruction.

There are a, number of ways to interpret operations and ap-

plications in terms of expected trainee behavior. One com-
mon approach, for example, is to classify them in terms of
the cognitive functions that contribute to those behaviors-
mental processes such as concept formation, inference, analysis,

synthesis, abstract reasoning, critical thinking, etc. How-

evet, the types of behavioral processes involved in this
classification are too numerous and functionally interdependent,
and do not readily translate into well-defined test tasks.

As an alternative approach, some type of classification of behav-
ioral learning outcomes should comprise the domain of Subject

19
7



8

matter competence. The desired learning outcomes would then
be defined in terms of overt performance on specified test
tasks. This will provide a most effective approach to the
measurement of subject competence since most of the behavioral
correlates of achievement can be classified into one or another
of several,categories. On this basis, a test item would be
classified, for example, as one that contributes to the con-
clusion that the examinee "knowFterminology and vocabulary,"
"knows concepts and principles, ."cVn,apply generalizations and
principles to new situations," "can make valid evaluative judg-
ments," etc. (1) Test construction guided by a classification
such as this will direct the focus away from simple knowledge
of definitions and facts .tc encompass a greater range of more
complex cognitive behaviors. y

Achievement Areas

The test instrument should be designed to assess a broad range
of behavioral learning outcomes, from simple acquisition and
comprehension of terminology, facts, and principles to higher-
level abilities involving the application of what was learned
to new problem7solving and decision-making situations. The
seven achievement areas specified by Ebel (2) can serve as the
basis for designing test items to effect this type of assess-
ment.

The seven achievement areas and the types of items that can be
designed to assess them follow:*

1. Understanding of Terminology: Items designate terms to
be defined or otherwise identified. The examinee is provided
with a word or words and asked to select the correct or best
definition from among several alternatives (e.g., "What is an
ectopic pregnancy?" or "The demographic transition is a term
that describes . : ."). These are probably the simplest types
of objective items to design.

2. Comprehension of Fact or Principle: Items are based on
descriptive statements of the way things are. The examinee is
asked to select from several alternatives the response that
best completes a statement, that best answers a question, or
that otherwise shows a grasp of the basic facts and principles
of the subject matter at hand. (e.g., "The interrelationship
between ovary and pituittary during the menstrual cycle care
accurately be described as one in which . . ."; "What is the,
basic principle underlying the rhythm method of conception
control?")

* See plot..4, 31 and Appendix C for information on item con-
structIofp

20
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3. Ability-to Calculate: Items requiZe use of mathematical
processes to get from the given to the requiredouantities.
The examinee is provided with a well-defined computatiorial pro-
blem together-with a set of alternative answers. One example
of the type of quantitative item employed in the area of family
planning and population is, "Out of 200 clients initially en-
rolled in a family planning program, only 158 remained active
one year later. What is the annual dropout rate?"

4. Ability to'Explain or Illustrate: Items generally_con-
tain the words "why" or "because." This type of item has two
°forms. The examinee is either asked to select, from the alter-
natives given, the one that best explains or provides the best
reason for the existence or occurrence of the specific situa-
tion cited in the item stem (e.g., "If estrogen alone and pro-
gesterone alone can successfully prevent ovulation, why is it
necessary to administer both under the combined meth of oral
contraception?") or, the examinee is asked to select he alter-
native that provides the correct or best answer to t questidn
posed in the item stem and, at the same time, to justify the
answer selected, as in the following example:

When a spermicidal preparation is the contraceptive
method employed, should douching be postponed for
at least six hours following coitus?

a. Yes, because douching within a few hours following
coitus may either remove the spermicide or dilute
it to the point that sperm will survive in the
vagina.

b. Yes, because irrigation of the vagina within a few
hours following coitus will force large numbers
of live sperm into the fallopian tubes, increasing
the risk of conception.

c. No, because the douching agent will increase the
effectiveness of the spermicidal barrier within a
few hours after coitus, ensuring greater contra-
ceptive,yrotection.

d. No, tecause spermicides lose their effectiveness
within three hours following coitus, allowing live
sperm to remain in the vagina unless removed imme-
diatelby douching.

5. Ability to Predict; Items are based on descriptions of
specific situations. All conditions are given and the examinee
is asked for the future result -- i.e., to select from among
several alternatives the most likely outcome, as in the follow-
ing example:

/21
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If the Crude Birth Rate of Hong Kong were reduced
immediately to the level of the Crude Death Rate
(i.e., 4/10 0) and held at that rate indefinitely,
assuming n net migration, what would be expected
to happen t ,the population?

*

'a. The population would cease to change, remaining
steady at the current level with zero growth.

b. The growth rate would decline, but the popula-
tion would continue to grow more and more slowly <

for several decades.

c. PopulatiOn numbers would decline at an Accelerat-
ing pace until the population virtually disap-
peared.

d. The growth rate would commence to osci1T'ate
between positive and negative.

6. Ability to Recommend Appropriate Action: Items are
based on description of specific situations. Some conditions
.are'given and the trainee is asked to provide by selecting
from among,several alternatives other conditibns or actions
that will lead to a specified result. For example:

c'

Since the init' 1 insertion of an intrauterine
device can seri y damage a developing embryo
(from an undetec pregnancy) the safest time to
insert an IUD is

a. just before the expected menstrual cycle.
b. during and immediately after menstruation.
c. only during menstruation.
d. during the time at which ovulation is expected

to occur.

7. Abil.ity to Make an Evaluative Judgment: The types of
. items assessing this level of subject competence involve re-,
sponse options which are statements whose appropriateness or
quality is'judged on the basis of specific criteria presented
in the item stem. For example;

Which of the following ratios provide the best
indication of the overall mortality conditions
in a developing country?

a. The tumber of infant deaths in a year per 1000
live births in that year.

b. The numlier of deaths per 1000 in one year over
the total population at mid-year.
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c. Deaths to persons over 50 years'of age in a
year over the total number of deaths in that
year.

d. Number of deaths in a year to persons 70-74
years of age per total number of persons aged
70-74 yeart at mid-year.

'It should be noted that the, acquisition of higher level abili-
ties (areas 4-7) depends on achievement in the first three
areas. That is, it is necessary for the trainee to acquire
a certain fund of information (facts, principles, computational
skills, etc.) with a higher degree of comprehension before he
can adapt and apply this new learning to practical situations.
Therefore, items designed to assess higher-order abilities will
presuppose the trainee's achievement at the lower levels. The
test instrument should contain items assessing the first three
areas as well,.however. In the later analysis of test data it
may be discovered that some of the items assessing high-level
abilities were missed because the trainees did not achieve at
the lower levels. For example, trainees may have done poorly
on an item designed to assess their ability to predict because
they didn't understand the basic prinCiples required, or were
unable to make an essential calculation.

It is strongly recommended-that when designing a test blueprint
all the behaviors that will apply to the specific subject mate-
rial be included:. lgot'all of, them, however, will be ap le

to every course of training. The relative importance o each
of these behavioral outcomes as objectives of instructs n will
vary from program to program. For eltampl, ability to calcu-
late is an appropriate leArming outcome"to be expected from a
statistical training course, but would not be a relevant out-
come in a training program where the focus was on subject areas
such as contraceptive technology or the anatomy and physiology
of human reproduction. The final decision as to which of the
seven behavioral outcomes above constitute relevant course
objectives will have to be made by the training staff. The
decision will be a subjective judgment based on an analysis of
the specific subject matter to be covered during the sequence
of training, as outlined in the curriculum"Plan. However,
since the use and application of learned material constitutes
the primary domain of subject competence, it is recommended
that test items assessing abilities should have greater repre-
sentation on a test relative to items sampling simple under-
standing of terminology, fact, principle, etc.

One final comment about constructing items assessing the seven
achievementareas It may not always be possible td write
pure items -- i.e., items assessing only one of the areas to
the exclusion of the other six. It may sometimes be the case
that an item will call into play a number of separate abilities,.

23
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each of equal importance. This is quite valid in terms of
the instrument being proposed here. These seven achievement
areas should not be considdred mutually exclusive categories.
It is quite acceptable to write an item assessing one or more
areas, as long as all areas are given representative coverage.
The major purpose of the above discussion was to illustrate
that an objective achievement test need not be confined to
simple recognition/recall tasks, but can be so designed to
assess more sophisticated, higher -order cognitive processes,
the types of higher-level processes considered to underlie
subject matter competence. *.

Subject Content Areas

Once the types .of test behaviors that the examinees are re-
quired to demonstrate in an assessment of cognitive compe-
tence have been specified, the subject content areas to be
covered by the test items should be determined. The content
dimension is very impempant to the proposed assessment since
it is through the course content that the behavioral out-
comes are taught and through which they are demonstrated.
As will be discussed later, the subject content to be
assessed by the test instrumedt can be derived from the
curriculum plan. Like the classification of behavioral
learning outcomes, the course content should be arranged
(for testing purposes) as a detailed outline of a limited,
finite number of discreet subject matter categories. This
can be done by taking each proposed training session in the
order defi1ned by the curriculum plan and listing the major
topics and subtopics to,be covered. When completed for all
sessions, the test designer will have a complete listing of
all the subject matter being proposed for presentation. How
to employ this list, together with the classified behavioral
dimension, in the construction of specific test items is the
subject of the next few pages.

Two-Way Item Specification Table

The behavioral learning outcomes And the content of in-
struction represent the two dimensions which underlie the
test plan. Once each has been specified, as shown above,
they should be combined into a framework which will serve
as a guide to the development of the test instrument. This

4
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framework, or Item Specification Table, will serve as the
test blueprint,.

This blueprint, whild a practical guide to test construc-
tion, is also a theoretical outline of what constitutes
competence with the material to be covered during instruc-
tion. That is, it specifies which behaviors an examinee
jmust demonstrate in which specific subject areas, in order
for him to be considered as having attained a hill level of
subject matter competence. Properly constructedl,the
blueprint will illustrate not only which subject areas
are to be covered by the test items, but also which of
the various learned behaviors are to, be expected from
each area, and will indicate the relative weights assigned
to each subject area and learning outcome, in terms of
the number of items to be constructed.

The Item Specification Table is a two-way table that re-
lates specific subject content to expected learning out-
comes. A table of this type is easily constructed for
any sequence of instruction by designing a two-way grid
with the subject content areas listed along the vertical
axis (left side) and the behavioral learning outcomes
listed along the horizontal (top). Table cell entries
will consist of check marks or some other code designat-
ing the number of items to be constructed. An example
of the general format for an Item Specification Table
is illustrated in Figure 1. (The numbers, in parentheses,
in each of the table cells indicate the percentage of
total items to be devoted to each behavioral outcome with-
in each content area.) Although it was designed for a
statistics training sequence, the basic format is applic-
able to any type of training.

',-

The importance of employing such a table as a blueprint' or,
constructing the test instrument becomes evident when the
concept of achievement testing is considered. Any achieve-

ment test is a work, sample. That is, the aggregate of items
that comprises a test covering specific subject material is

only a sample drawn from some hypothetical universe or
population of all possible items that might be used to
make up such a test. In the assessment of some curriculum
areas, the population of potential items is limited --
for example, an elementary school class whose spelling
competence with five hundred words is being assessed.
However, for some test situations there is almost no
limit to the number, of potential test items' that could

.r 2i)
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be constructed -- for example, the number of qualita-
tive and quantitative items that could be constructed
to cover a sequence of training in statistics. In
most training courses of the type for which this Manual
has been designed, the latter case will probably be
more commen.

Where a test instructor has no finite, discrete list
from which to select the item sample to be used, he is
faced with the problem of constructing an aggregate of
items that will be an adequate representation of the
total universe of items that would be appropriate for
both the subject matter and the behavioral learning
outcomes.

The purpose ofsthe to instrument is to provide ob-
jective data for making ferences about the extent
to which a sequence of tr inAlg increases the levels of
competence of trainees -- demonstrated by certain cog-
nitive behaviors -- in specific subject areas. Suc
inferences will be valid only to the extent to w h
the test instrument provides a representative sampling
of potential items reflecting the entire domain of sub-
ject material covered during instruction and all of the
expected 1 arning outcomes. Without a carefully developed
test plan, ease of construction all to frequently becomes
the domin nt criterion in selecting and constructing test
iqms (3). That is, items measuring simple knowledge

_ (essen lly recall and recognition tasks), becave they
are easier to construct than those assessing the Illore

complex learning outcomes, might be,over represenited on
the test. As a result, the test might end up assessing
a limited and biased sample of behaviors and subject

tg) content areas, neglecting those that might be more rele-
vant to the objec ve under consideration, namely subject
matter competenc

The Item Specification Table will facilitate the ocess
of planning both the types and numbers of items to ensure
an appropriate, fair,W representative sample wr tten
into the test instrdlent.

In constructing the Table, the seven behavioral learning
outcomes are listed regardless of the specific instruction
content. However, because not all of the subject matter
covered during instruction will be important enough to be
assessed, some procedures must be employed by the training

27
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.staff for selecting tht subject matter that will be entered
into the table. and thus sampled by the test items. In
many training situations 4 some subject material serves
as a background or'prereoluisite for other more important
material. This initial material is important only to the
extent to which it facilitates acquisition and understand-
in of the more relevant subject material and would not be
the focus of direct assessment. For example, in ahcourse
on Statistics, it would be necessary to introduce the stu-
dents to the concept of probability before proceeding to
such topics as hypothesis testing, inferencds.and sampling
techniques. While the student must have an understanding
of the laws of probability, it is their application to the
area of statistical inference that is important. The focus
of assessment would therefore be on statistical inference
directly, with little attention given to probability .n
itself

fn situations where the subject matter universe to b sampled
for testing purposes is not composed of all the ma rial
covered during instruction, the training staff must elect .

from the list of content areas (previously drawn from the
curriculum plan) those areas which should be included in
the assessment of competence. Then, each staff member
would be responsible for selecting the most important
topics and subtopics from his area of expertise. Each staff
member sho d base his judgment on.the criterion of rele-,
'vance to co petence -- which material, out of the entire
range of ma erial comprising the particular subject area
covered, should the trainees be capable of dealing with
(in terms of use and application) in order to be considered
competent in that subject area?

Once the relevant material has been selected from all of
the subject areas under assessment, the resulting list will
be entered into the Item Specification Table as the content
dimension. The completed Table will then be employed in
specifying both the t'pes, and iumbers of i s to be in-
cluded in a specific test instrument to ens e a balanced
assessment coverage,in terms oficontent are s and behavioral
outcomes.

0
Defining Relative Test Emphasis

Prior to the construction of test items it necessary to
determine what proportion of the total item on the proposed
test should be constructed for each subject content area and,
within each content area, for each of the b avioral learning
outcomes.

2
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There are no hard and fast rules for allocating a test item
(or items) to a specific subject content area or to a spe-
cific behavioral outcome within a subject area.

One approach that commonly used, and is suggested by a
number of testing s cialists; is to allocate certain
numbers of items to subject areas on the basis of the amount
of time devoted to,each during the course of training. Unde
this system, for example, if the curriculum plan for a ten
week training program speCifies that subject areas A and B
are to each receive 4 weeks coverage, with only 2 weeks
devoted to topic C, then the proportion Vest items to be
allocated to topics A, B and C would be 4 , 40% and 20%,
respectively. Or, if the plan delegates the training
sessions to coverage of subject X and only one session to
subject Y, the number of-test items dealing with subject X
will be three times greater than those dealing with subject
Y. Similarly, the number f/i!tems designed to assess the
,different behavioral learni g outcomes within the various
content areas would be base on the emphasis placed on each
during the training. With the training focus on use and
application of the subject material presented, the assess-

n-ment instrument should emphasize the same behavioral ob-
47ectives (i.e., behavioral outcomes three through seven, pp. 8.710).
\The training staff, employing the Item Specification Table
would see to it that the relevant behavgiial objectives and
',subject areas are adequately sampled by the'test itemt in
;proportion to the emphasis given each during the course of
,instruction.

This approach is appropriate where only the most important
subject matter within each area is included in the population
from which the ample of test items is to be drawuk (i.e., the
areas denoted op the Item Specification Table).. That is,

when prerequisite or other preparatory material is not being
considered for assessment, despite the fact that training
time had been demoted to it, only the important content areas
will appear on the vertical axis of the Table. The staff may
then use the time-based approach to determine the number of
items to be"aevoted to each of 'those areas.

However, a major difficulty arises with a time-based approach
where some subject material is simply more difficult to get
across to a training group than other material. In such a
situation, the subject areas that happen to be more difficult
to present may not be more important or more necessary to the
training objective under assessment (i.e., subject matter
competence), but more time will have to be devoted to their
coverage --.thUs qualifying them fora larger proportion of
test items than others that may be equally important. As
this is a fairly common case in training courses, a time-
based approach to the allocation of items to content areas

23
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does not guarantee that the test item content will.be a
representative sample of tie subject content actually covered
during instruction. This imbalance may well be further re-
flected in the Curriculum Audit (see Chap. v). At the end
of the training Sequence, it may be noted that much more time
was devoted to some subject topics than others, although this
did not reflect the importance of the topics, as determined
in the curriculum plan. Where difficulty of certain content
areas has been controlled for in the curriculum plan by allo-
cating more time to coverage of these areas, this should not
automatically be reflected in the construction of the testing
instrument, 2s would happen if the amount of time alone is
the criterion for determining the number of items. It is
not the difficulty of, the subject material that determines
the number of items necests;ax to properly assess how compe-
tent trainees, have become with it, but its importance in
terms of the training objectives.

An alternative approach would be to have the training staff
determine the relative importance of (and I us, the relative
test emphasis to be given) each. behavioral o tcome and each

. topic within the major subject matter areas o be covered
during instruction. Since the training staff is responsible
for both defining the curriculum plan and instructing within
selected sUbject areas, the staff members should then be the
group most qualified for setting the standards of competence
in their respective subject areas. (When the tralning staff
includes outside instructors, as discussed on pp. 32-34.
those instructors should also share the responsibility in
determining the relative importance, for testing purposes, of
the behavioral outcomes and subject topics under consideration.)

The allocation of test items by the training staff will be
based on subjective judgments, since, in most cases, there will
not be objective criteria for determining what constitutes
competence jn a specific subject area. Such criteria will
usually be set by the staff members, drawing upon their own
expertise in a particular subject area. The guiding principle
underlying'the allocation of test items 'girt be that the test
items, in number and content, should maintain the same relative
coverages important subject areas and behaviors that the
training will try to achieve through instruction.
.Estimates of relative importance will be expressed as per-
centage weights to be recorded in the Item Specification
Table.

In the example (see p. 17) where three subject areas are
covered during a ten week training program, a time-based
procedure for weighting these three areas would result in a
40%, 40%, 20% allocation of test items (given that the in-
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struction time devoted to the areas was 4, 4, and 2 weeks,
respectively). Assume that a total of 4 weeks (out of the
8 weeks of instruction assigned) will be devoted to coverage
of prerequisite material in both areas A and B. Now, even
though different amounts of time will be devoted to instruction
in these three areas, the staff might judge them to be of
equal importance in terms of the trainee's post-instruction
competence. Thus, each subject area would be assigned per-
centage weight of 33 1/3% and the areas would be allocated
equal numbers of test items (rather than the 40%, 40%, 20%
item allocation set by the tifte-based approach).

In the above example,'1it was the professional judgment of the
staff that the three subject areas are of equal importance in
terms of the material that the trainees should be competent
with. In this case, the time -based approach would not have
been adequate fair ensuring a balanced test coverage of the
relevant content of instruction.

After the initial weighting,
1
the major subject areas will be

broken doWh intoi a number of discrete topics in order to
prOide a broad# subject bate from which to construct test
items A hypothetical example will outline the procedure.

A sixteen week training program, "Quantitative Methods
in Health-Related Research" is composed of three major
subject areas:

1. Descriptive and inferential statistics (8 weeks)
2. Techniques of demographic analysis (4 weeks)
3. Survey design (4 weeks)

Although the amount of teaching time to be devoted to area A
is twice that,of ,pither B or C, the staff judges areas A ana
B to be twice as important as area C; therefore, each will
receive an assigned ight of 40% while C receives 20%.
Thus, 80% of all item to be constructed will be divided ,

equally between areas -A and B with 20% of the items allocated
to assessing competen e in area C.

The staff members wit particular expertise in these major
areas will decide whi of the topics within,' these areas
should be included in e sublectto be assessed
(selection to be based upon th elevance tO competence"
criterion stated ,on p. 16). The material selected will then
be recorded, together with the list of behavioral learning
outcomes, in the Item specification Table.

A partial listing of th relevant subject matter comprising

the program's statistic training component is illustrated
in the Item SpecificatiOn Table in'Figure 1. (The content
listings for,the other two areas would follow the same format

3i
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and could be recorded below the statistics section on the same
table. However, given the length of combined listings from
several subject'areas, it might be best to break the Table

,up into sub-tables, one for each subject area.)

Assigning weights within subject areas Once the most impor-
tant topics have been delineated for each major subject area
(and recorded in thgtable), another series of judgments
must be made by the staff. That is, the decision must be
made as to how the total percentage'of items allocated to a
major area is to be distributed among the topics comprising
that area. The allocation of perce tage weights to these sub-
areas will have to be based primari y upon subjective staff
judgments as to the relative import ce of competence in
each sub-area to overall competence in the major subject
area. (The weights selected will be recorded in the Table's
right-most column, labelled "total % items.") For example,
the staff decided that competence with "Probability Sampling
and Sampling Distributions" will contribute more to overall
statistical competence than will competence with such material
as "Measures of Central Tendency" or "Frequency Distributions."
The relative percentage weights assigned to each of these
topics (i. e., 15%, 5%, 5%, respectively) are the result of
ttAese decisions.

Selecting appropriate behavioral learning outcomes The next
set of staff decisions involves selecting the eognitive0e-'
haVioral outcomes most appropriate to t e subject content to
be assessed. As pointed out earlier (e.g., p._7)..the
one objective common to most training programs is to devglop,
in the trainee, the cognitive competence to use and to apply
the subject material learned, not simply the ability to re--
member the material on demand. The test instrument designed
to assess competence at this lgvel should therefore focus on ,
the more compleX learning outcomes with less emphasis on
simple acquisition of knowledge.

The test desshould require the trainees to demonstrate
behaviors in the upper achievement yeas (i.e., areas 3-7),
listed on pp. 8 -10 with less stress on assessing those cognitive
behaviors within areas 1 and-2., Of course, not all higher
level learning outcomes will be appropriate for each and
every subject topic (e.g., the ability to calculate would
be an Inappropriate expected behavioral outcome in a seminar .

on human reproductive anatomy and physiology). However,
the general procedure should be to consider the applicability,
of the higher order achievement areas before considerin6tEOSO
lower on the list. The relative emphasis provided each of
these behavioral areas when covering a certain subject during
instruction:will help guide the allocation of items to specific
behavioral outcomes. The percentage weights assigned
'to a, particular behavior for a specific subject topic will
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be recorded in.the appropriate cells of the Item SpecifiCation
Table. (The numbers, in parenthes4k.,yithin each cell, repre-
sent these percentage weights.)

It should be noted here that the table indicates the relative
importance of each cell in terms of an assigned percentage
weight, not in terms of the actual number of items to be
assigned to each cell. Relative numbers of assigned items
will depend upon the decision of how many items will comprise
the total test. (This decision point will be discussed in
the next section.) Before taking up the question of deter-
mining optimum test size, one further step must be considered.

In order to obtain a more reliable estimate of the numbers of
test items required, it might be necesaary to subdivide the
topics (within major subject areas) into subtopics. This
procedure will help ensure a more balabced test coverage of
.theltotal subject area. Furthermore, ubdividing will result
in a number of discrete, homogen &ous s ject subtopics for
which specific test items can be writt . For example, the
statistics topic "Measurement and Scale ," listed in the table,
_can be further subdivided' into:

1. Variables and constants
2. Discrete variables
3. Continuous variables
4. Nominal measurement
S. Ordinal measurement
6. Interval measurement

*7. Ratio scales

With this breakdown of topics within subject area and subtopics
Within topics, 'the test designer will have a comprehensive
blueprint from which the test instrument can be constructed.

*eterminin Total Number of Tett ftems___-

e number of items to be included in the comted test
strument is the last decision that must be made pzior to
ginning the task of item construction.

many testing situations, the number of items
determined primarily by the amount of time av
ting. Since it is strongly recommended that
tion of the test instrument be untimed (see
for of time will not put constraints on test
e axe no hard and fast rules about numbers of items to be

in 'uded in a test, the ultimate decision will be a subjective
one and should involve the entire training staff. It should

kept in mind, however, that the larger the number of test

kiministered
ilable for
he adminis-
42), the
ize. Since

33
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items administered, the more adequate will be the test sample
(in terms of course content coverage) and the more reliable
will be the scores derived from testing.

A general guide can be appiied when determining the number of
items to be allocated to the subject matter within major areas.
When each of the topics comprising a subject area has been
further partitioned into a number of discrete subtopics or
sub-areas -- e.g., the subdivision of "Measurement and Scales"
into 7 constituent subtopics (see p. 21) -- an attempt should
be made to construct at least one item for as many of the
sub-areas as is feasible. For examples when the number of
topics within an area is relatively small (i.e., around 5),
it might be feasible to allocate an item (or items) to each
of the major subtopics.

However, when the number of topics in an area is large, (e.g.,
those comprising the statistical training component, f r which
only a partial listing of subtopics was provided in Fi ure 1)
the size of the Item Set that would result if one item were
constructed for each subtopic would probably be too la ge to
be administe ed effectively (especially when combined ith
the Item Set sampling the remaining subject areas). In,such
a situation, he recommended procedure is to sample within
subject topic's. That is, instead of one'item (or more) per
subtopic, a balanced coverage of a topic can be obtained by
constructing an item (or items) for every other subtopic
listed -- e.g., for the "Measurement and Scales" topic,
items would be constructed for subtopics 1, 3, 5 and 7.
Provided that the selection of subtopics for item writing is
random -- i.e., subtopics on the list are selected by ordinal
position (every nth one) and not simply because good items
can be written for them -- then the resulting item groups will
provide a balanCed and representative sample of both the
subject content and cognitive behaviors #obe covered during
the course of instruction. Administratibli of test items,
selected according to the above procedures, will allow'a valid
assessment of both trainee achievement and training effective-
ness in raising the level of subject matter competence.

One factor that must be considered when determining the
total number of items to include in the test 'is the amount
of prior experience the trainee group has had in taking
objective-type tests. Even when the number of test items is
relatively small, a lack of experience in dealing with ob-
jective itemn can lower the validity of the test for its
intended purpOs4. (The students participating in the Rennes
Francophone Africa FP/MCH Training Program were not familiar
with the mechanics of objective-type test taking and required
an average `time of four hours to complete the 116 item test.)
Introducing inexperienced trainees to the mechanics of taking
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the objective-type test (prior to,the time of administration)
will help cut down the time required for test-taking as well
as allow a greater number of items to be included in the
instrument.

Note: Given the above discussion\ it is nonetheless possible
to consider a recommendation for a reasonable ceiling on the
number of items to be included in the test instrument. In
order to do this, another factor, the time allocated to
testing, must be taken into account.

In most testing situations, the n
is determined fdr the most part, b
on the testing. For reasons to be
it is recommended that the test in
be administered without rigid time
straint suggested is that each adm
completed at one sitting so as to
ing time for testing purposes,and
testing situations as uniform awl)
test into two or more sub-units to
sive days is possible, but not reC
involve the trainee in an excessiv
test-taking situations (i.e., poss

er of items administered
the time limits imposed

discussed (see p. 42),
trument being proposed here
limits. The only time con-,
istration of the test be

inimize the use of train-
keep the pre- and .post-

ssible. Breaking up the
e administered on succes-
ended since this would
number of time-consuming
ly four or more separate

sessions for ombined pre- and post)- testing). Placing too
much emphasis on testing and assessment might have a negative
effect on tr inee morale and therefore decrease the effective-
ness of the training experience. (This especially true if
the trainees are middle to high level pr essionals -- e.g.,

ilFP/MCH physicians and program adminis.tra ors -- who might
resent being subjected to too much testing and personal
assessment.)

It is best to administer the test during an afternoon session
so that the test period can extend beyond the session to
allow most of the examinees to complete the test. (Although
the test wi 1 be untimed, it should be untimed only to the
extent that 0-90% of the examinees finish the total instru-

. anent; a smal percentage of examinees will always take as
much time to complete the test as they are given and there-
fore have to be limited in the amount of time they can take.)

Based upon our experience in constructing test instrupents
for the assessment of training in the area of fami'y platinin7
and maternal/child health we feel that we can recommend that'
(for most testing situations) an instrument made up of 150
items jmaximum) should be adequate. If several item formats
"(e.g., simple and complex multiple-choice, interpretive
exercises) are included with more or less equal frequency,
a test of this length would require approximately three hours
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to complete. (This is based upon an average trainee's read
and response time of 30-45 seconds for a simple multiple-
choice item; 60-90 seconds for a complex multiple-choice
item, and 60-120 seconds for an item requiring computations
and problem solving, or based upon an interpretive exercise.)
Even allowing for a break, three hours is likely to be the
limit of most trainees' endurance for test taking, after
which. the effects of fatigue could seriously impede test
p4ifdimance. If, out of all the subject matter to be
dOvered during training, only the most important material

ele;cted for assessment (see pp. 15-16), then a test
of approximately 150 items should be adequate in

providing a representative sample of the learning outcomes
and subject matter for even a lengthy sequence of instruction
coveriag complex material.

Naturally, the more test items that have been subjected to
trial testing and item analysis, the 4nore confident the test,
designer can feel that his test items are performing.ef-
fectively for their intended purpose. The creation of an
item file based on the analysis data (see pp. 121-127) will
aid in constructing a test madp, up of the least number of

A_ items offering the most valid and reliable sample.
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Use of Objective Items

The two types of items most commonly employed in tests de-
signed to measure achievement are the open-ended essay item

,,And the objective* or fixed-response item. Which type is
most appropriate for use under a Test-Retest design to assess
the learning outcomes being evaluated? The final selection
of objective items was based on two essential factors:

111 1. The serious limitation of. the unreliability of the
scoring of essay-type items (4).. Because scoringis usu-
ally based on subjective criteria, subject to the impres-

® sionistic biases of the examiner, it has been proven time
And again that the same essay can receive different grades
from different examiners and even from the same examiner
at different points in time. To the degree that a test
score reflects the private, subjective, unverifiable im-
pressions and values of one particular scorer,'"4t,is de-
ficient in meaning and hence in usefulness to,t.Wetudent
who received it or to anyone else (i.e., the gr!*11W
staff) who is interested in the ability or achj.e*ment
(being assessed) (5). If a testing procedure Is4designed
to measure change in subject competence over time, then
an unequivocal, objective scoring procedure is req fired
so that chinqes that do occur can be interpreted a an
increase in competence and not due to variations i the
criteria for scoring between the first and second dminis-
trations of the test.

.

2. Employing objective items affords the oppOrtunity for
a larger and mote representative sampling of relevant
course subject content than is possible with essay items.
Only a limited number of essay items can be given during
any one testing session; thus, it is rarely possible to
cover all subject areas adequately, and overemphasis on
some areas of learning and total neglect of others may
result.

Essay items do, of course, have some decided advantages over
objective items, especially in assessing learning outcomes
where originality or writing ability are important factors.
In terms of the ObjEtctive cited in the Manual, however, essay
items pose several Problems that overshadow factors, favoring
their use. The objective item test, presenting far more
items than essay tests and reducing all responses to a form
that can be easily and unambiguously scored, avoids these
donfRpnding problems (6).
..;,

* The term "objective" item actually refers to the tact that
the correct responses are determined at the'time of item
construction; this helps to ensure uniformity in assessing
the correctness or appropriateness of the responses given.
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It should be pointed ou here that the methodology also calls
for the administration o the identical test both before and
after the period of inst uction. It is possible to employ
the Pre-/Post-Test design without using the same test both
times by constructing a parallel form* of the test instrument
with comparable items. Due to the excessive amount of time
required and the enormous technical difficulties encountered
when attempting to construct two sets of items, the method-
ology here recommended calls for the administration of the
same set of items on bothoccasions.

Forms of Objective Items

There are several forms of objective items, each,with parti-
cular strengths and weaknesses and each requiring special
skill in construction. #FQr most applications of this instru-
ment, limiting the number of different forms of the items
used to one or two is strongly recommended. This limits the
number of item-writing skillq that the training staff will
have to master and also eliminates difficulties which may be
encountered in explaining to trainees the procedures for deal-
ing with a number of different types of tasks. The two forms of
items recommended, for reasons described below, are multiple
-Chbioe items and interpretive exercises. Both forms of items
can be Toyed quite effectively in the assessment of the
impact of i truction in the areas of knowledge, understand-
ing and application.

Multiple Choice A ltiple choice item is one in which a
question is posed and t trainee asked to choose the correct
or best answer from a nuf41.: of listed alternatives. There
are mahy variations on this sic format (such as choosing
the word(s) that best complete statement) but'in all cases
the trainee is being asked to sel- t the correct or best
answer from amongdother incorrect o ess appropriate ones.

is, of course, possible for a person guess the correct
ans r of a multiple choice item, but with only one out of

)(

four bq five alternatives correct, the probability of his
guessing all items is very small. Attention to the details
of constructing these items will further reduce the probabi-
lity of a person's guessing correctly every time. (Appendi
C conta ns a discussion of multiple choice item Constructio
with examples.)

Fs entially two test instruments differing only with
r spect to the sample of items selected, the two item
ets having been equated (through previous trial test-
ing)in terms of content validity, difficulty, etc.
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Interpretive Ex ises Interpretive exercises are especial-
ly useful for measuring achievement of the type discussed on
pp. 8-12. That is, these exercises can best be employed to
assess, understanding and the ability to adapt and apply what
was learned rather than for the assessment of simple recall
and/or recognition. Here the examinee is given material
(such as a table, chart, illustration or a paragraph of text)
and is asked a series of questions about it. The examinee's
task is to interpret the material in one of several ways. In
some cases, he may be asked to identify which statements are
true; in others he may be asked to indicate an opinion about

aa statement's accuracy; or he may be given series of mul-
tiple choice items regarding the material presented. In gen-
eral, such exercisesi give the student an opportunity to show
whether he has learn#d to 'apply new or old skills to the
interpretation of unfamiliar data !(Rules for constructing
interpretive exercises and examples will be found in Appendix
C.)

Other Forms of Objective Items True/false, matching, and
short answer or fill-ins are other forms of objective items
often used. The major argument against fill-ins and matching
items is the difficulty in arranging an answer sheet to ac-
commodate them, especially if the scoring is to be done by
computer. Short answer items must always be scored by hand,
since the student must write in a word or phrase. Both forms
are difficult to construct. Matching items may take a long
time to answer and are, in any case, really only another more
complicated form of-multiple choice item. Short answers or
fill-ins may often lead to ambiguous situations where a number,
of responses' could be considered correct. While it is less
possible to guess short answer items correctly (eince the
,studeqt must supply missing information), it is nonetheless
recommended that short answer items be transformed into
multiple choice items.

The chief argument against true/false items--where a student
,is simply asked to state whether an item is true (correct) zor
false (incorrect)--is that there is a 50% chance of guessing
correctly on every item. However, there are other reasons why
they should be avoided. It is difficult to make a statement
that may be categorically classified as true or false and any
distinction such as "more true' or "more false" clouds the
issue

Items must be construc.tea very caref lly to pre-
vent

and makes the item less/valid as a measure a student's

vent any kind of ambiguity. Again, it is easiest to tkanSform
true/false items into multiple choice items, reducing the pos-
sibility of correct, guessing and, at the same time, making all
items consistent in form.

.
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General Guidelines for Construction of Objective Items

Many of the following suggestions may seem obvious, but pro-
fessionals experienced in reviewing and editing test items
indicate that the most obvious faults are the most frequently
cominktted in the preparation of objective tests.

I shod be stressed that Pre-/Post-Course testing, if it is
t6 be an accurate means of evaluating both individual achieve-
ment and, the effectiveness of a sequence of training,-,must
proviWthe maximum amount of objective dita.possible. 'Tie
compaitioh of unambiguous and untricky test items is for this
reasonAbsdkutely essential. Unless skillfully written,
objectiTe items may suffer some of the disadvantages of the
essay item in that different answers may be of varying degrees
of correctness. Subjectivity will.be introduced into scoring
even though the items themselves are "objective."

It should also be stressed that the test instrument being con-
structed is "self-defining" (7), in the sense that the test
itself defines what constitutes desired competence. The 'test,
in turn, is constructed he training staff based upon what
they consider constitutes high level of .competence in the
subject areas under assessment. How carefully the test is com,._
structed is consequently of utmost importance. Its validity
as an assessment of,subject matter competence rests on the
skillful construction of test items, and on the perception of
the training staff in determining relevant subject areas and
behaviors. It is for this reason that these aspects of the
instrument. have been stressed in the Manual.

The followingssuggestions and guidelines are provided to help
avoid the difficulties inherent din the construction of objective
test -items and to help ensure that the items assess only what
they were designed to assess.

General Guidelines (8)

1. Keep the level of reading difficulty low. Complexly written
items or the use of unnecessarily technical vocabulary can
put an unfair burden on the test taker and interfere with
the ability to demonstrate competence in the subject matter.

2. Do not take items verbatim from books or lecture notes.
Correct responses to,such tems may be the result-a--
recogn,ition or rote and may not reflect
understanding. In addition, lifting a sentence from its
context may change its meAning. It is best to paraphrase
Material used in items.
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3. The intended correct answer must in fact be correct.
Whenever a correct answer reins not on undisputed fact
but on knowledge of opinion or point of view, the sourc
of that opinion must be identified (e.g., "According to
Malthus ...").

4. Be certain that all items deal with significant subject
content. Do not use items that rely on knowledge or
understanding of trivialities. Before including any item,
ask yourself whether it is relevant to the desired com-
petence of the trainees in the subject area being assessed.

5. Each item should be independent ofemeryother item. A
correct.answer on one item should never be a prerequisite
for answering subsequent items correctly. In addition,
items should not provide clues for the solution of other
items.

6. Avoid recognizable patVerns in positioning of correct
responses. Set the position of the correct response in
a'random manner, to avoid the test takers' trying to out-
guess you by figuring out the pattern of responses.

7. Only one alternative should be the corsrect or most cor-
rect response. Allowing more than one answer to be correct
is confusing td test takers, and in addition turns each
item into a string of "true/false" statements. It is best
to allow only one answer to be correct. But make sure
one is correct.

8. Make all alternatives equally plausible to the examinee
who lacks the understanding or ability required to answer
the item. If one or more of the alternatives is obviously
ridiculous, even to someone who doesn't have any idea of
what, the correct answer might be, the chancesofjas guessing
correctly are greatly improved.

9. When constructing the items according to the requirements
in the Item Sytecification Table, it is best to construct
more than the number planned for the final test instrument.
Extra items will replace items which were initially accept-
able, but proved to be unsatisfactory (and could not be
adequately,revised) when subsequently reviewed. A 20-25%
reserve per Item Set should be sufficient.

10. Each item constructed should be recorded on a separate
5 X 8 card. This procedure will facilitate the review
and editing of items since it is easie'r to revise defective
items and to delete from and add to the item pool when e,th
item is on a separate card. Also, simply by sorting the
item cards, the serial placement 4f items for` the final
instrument can be arranged and, if necessary, rearranged
until an acceptable order has been achieved.

41



30

In addition to the item and correct answer, the content
area and cognitive behavior assessed by the item should
be recorded on the card. This information can be checked
against the cells of the Item Specification Table to
determine if the final test item pool does, in fact,
provide the balanced coverage outlined in the Table.

Finally, if an item analysis is conducted (see pp. 121-127)
the results for each item should be recorded on the card.
This data will help in the compilation of an effective
item card file that can be used in a future evaluation
study.

11 Test items should be constructed from two to four weeks
prior to the time of the first Pre-Test, put aside for a
period of time and then criticall reviewed for defects.
This procedure will, among other ings, help to uncover
ambiguities and inconsistenci (in subject content,
grammar, vocabulary, spelling, tc.j which were initially
overlooked. Whenever possible, 'ndependent staff members
familiar with the subject material should be called in to
review and criticize the items., help revise defective
items and select replacements from the reserve sets.

Specific` attention should be given to such factors as the
appropriateness of the test content as well as of the
cognitive behaviors called for within content areas and
the accuracy of the scoring key.

In addition to assessing whether each item adheres to the
guidelines provided above (i.e., nos. 1 - 8), the item
review should involve some additional checks.

a) A-cliecki:itzTr-talanced, representative test coverage.
!The question to be answered here is, "do the
items, as constructed, still relate to the
content/behavior cells in thetXtem Specification
Table?" If a discrepancy exists, the item can either
be revised to conform to its original purpose or re-
classified on the Table according to its new content
and/or behavioral objective. When large numbers of
items are reclassified, a check of the Tableshould
be made to make sure that all content areas are given
representative item coverage (in terms of the per-
centage weights specified in the table). When
necessary, reserve or newly constructed items should
be added to under-represented areas.

b) if independent staff members (familiar with subject
materia] under study) take part in the reviews, they
should read each item and answer it, in addition to

Y.
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checking for item defects. Any discrepancy between
their answers and the keyed (correct) answer would be
evaluated by the staff with appropriate action taken
to reduce any ambiguity surrounding the correct
answer to that item.

c) After the final item pool has been compiled and
ordered serially within Item Sets, a final procedure
should be carried out to determine the degree to
which the content and behavioral specifications of
the items actually constructed agree with the item
requirements as originally defined in the Specifica-
tion Table. This is done by recording the number of
each item in the appropriate behavioral outcome/con-
tent cell on the Table (see Figure 1). When all
item numbers have been recorded, simply check
whether the number of items in each cell corresponds
to the percentage of total items (the number between
the parentheses) originally allocated to that cell.
If the relative numbers within the cells agree, then
there is evidence that the test instrument will be
assessing a representative sample of the behaviors
and content areas covered during the course of in-
struction (provided, of course, that the Table was
properly constructed according to the guidelines
presented,on pp. 12-16). If a large number of cells
show major discrepancies between numbers of items
proposed and items constructed, then items should be
deleted or added until there is concordance between
these values in the majority of cells.

NOTE: For more specific guidelines on construction of the
recommended forms of objective items, with examples and dis-
cussion of poorly constructed items, see Appendix C.
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Non-Staff Lecturers and the Problem of Adequate Item Coverage

The guidelines for conducting the assessment study were originally
designed for use with training programs having a "resent" training staff.
This procedure was based on the assumption that the personnel who designed
the curriculan plan will also conduct the instruction sessions. As field
applications of the methodology continued, however, it became apparent
that the average health-related training program involves input from a
core (i.e., resident) staff as well as Lull a number of outside lecturers
who are experts in their respective fields. This is especially true for
programs in Family Planning and Maternal/Child Health, which require
training in a number of diverse subject areas.*

The training administrators (including staff instructors) are responsible
for the structuring of the training program (as discussed in Chapter II,
pp. 18-21). They develop the conprahensive session-by-session curriculum
plan for the sequence of instruction as well as construct the Item
Specification Table for the assessment. iihen the core staff conducts all
of the sessions, it has the added responsibility of calstructing all the
items comprising the competence assessment test instrument. This
situation is somewhat altered when outside experts are called in as
lecturers.

the subject material be covered by outside lecturers is broadly
defined by the training tors (in accordance:with the overall
subject theme of the program the specifics of what is covered are
determined by the lecturer (as _abject expert). Thus, the lecturer has
primary responsibility for the and content of his presentations.
Since the subject areas covered by outside experts are part of the training
curricula, it will be necessary to assess oompetence in these areas. The
visiting lecturer will be the person most qualified to set the standards
for competence irk bus particular area of expertise. Therefore, the non-
resident lecturer Should become an integral part of not only the training,
but also the assessment of its impact.

* For example, a four month Francophone African Training P ugiam conducted
(in the Spring of 1974) at the National School of Public Health in
Rennes, France, involved the sponsoring staff from the Department of
Health and Family Protection as well as 30 outside instritor/lecturers
from such areas as Derrography/Statistics, Human Reproduction & Family
Planning, Maternal/Child Health, Clinic Procedures, Health Administration,
Health Education,etc.
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In order to integrate the outside lecturer into the training program's
evaluation framework, with a clear definition of what is required, a
number of steps Should be taken:

1. Wren outside experts are initially asked to conduct certain
sessions, they should be made aware that submitting test items
for the assessment of training would also be necessary. (The

immediate and long range importance of training evaluation as
well as the need to incorporate evaluation into the training
structure during the planning stage Should be impressed upon
them at that time )
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2. The lecturers should be provided with the general topic areas
they will be responsible for covering. They Should then be
requested to submit to the resident staff a detailed outline
of the subject maprial they plan to present at each session.
This outline should also include judgments concerning the
relative importance (based on the relevande to oamx.tence
criterion, p. 16) of the topics and subtopics comprising the
subject area to be covered. Relative importance is indicated
by assigning percentage weights which will ultimately determine
the number of items to be allocated to each content component
of tha subject area (see pp. 16-21) for a dischssion of assigning
relative weights).

3. Each submitted *outline will be incorporated into a composite
Item Specification Table. For each subject area entry both
the types of ability to be tested and the number of it to
be constructed will be deteriined and recorded (see Figure 1,
p. 14).

4. a. The Item Specification Table will be forwarded to each non-staff
lecturer with the types and numbers of items he is to design for
each subject entry clearly delineated.

b. An achievement item "information paper" Should also be provided
to each non-resident lecturer. It would be a composite paper
composed of those sections of the Manual which are relevant to
the construction of test items. The paper Should include:

- The 7 Achieverrent Areas and sample achievement items
(pp. 8-12).

- Use and forms of objective-items
(pp. 25-27).

- Guidelines and rules for constructing Objective-form
it with examples (pp. 28-31 and ,Appendix C)

This material will provide outside lecturers with all the
information necessary to construct objective. items that will
adequately assess substantive knowledge and abilities (i.e.,
competence) in specific subject areas.

4,i



34

ReqUiring lecturers to construct such it without proper glade-
lines will probably result in groups of it wh4h are overly
represented by the more common and easily-designed categories
(understanding terminology, facts and principles), with under-
representation of those measuring more complex abilities (i.e.,
ability to predict, reoammend Appropriate action and make
evaluative judgments).*

5. Each of the it submitted should be checked for adequacy in
terms of the subject content and phility assessed. Appropriate
changes in item structure and content should then be made. The /
types of items submitted should also be checked off on the Item ,
Specification Table so that an assessment of item representation
can be done.

If the firiii-aeleCtiona items by test trials with follow-up item
analysis is not feasible (see pp 121- '127)gor a discussion of item
tryouts and analysis), the items should be put away for awhile
and then rechecked for structure and content by the resident
staff before putting together the completed instrument.

Requests for items from visiting lecturers should be made (when
timing permits) several months before the start of instruction.
This will all each lecturer several weeks to comply as well as
provide adequate time to check submitted items, set than aside for
a short period and then recheck, revise and select the final items
for the test instrument

I

* This happened in one field situation and necessitated major revisions
in mlpy of the items submitted by visiting lecturers in order to make
the dverall item content mare representative of the wide range of

d

ilities subsumed under the assessment of subject competence. This
extra work on the part of the resident staff might have been avoided

each visiting lecturer received a copy of the written guidelines

item samples.
,

i
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THE TEST FORMAT
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Once the Item Specification Table has been constructed and the
individual items designed, the next step is to determine the
most effective format for presenting these items to the
examinees in a structured testing situation. 'op

General Considerations

The procedures foftest construction and administration to
a
be

described were developed to meet two basic criteria:

1) For trainees--neither the test directions or format, nor
the testing environment should produce variation in test
performance that is not correlated with,differences in
levels of competence among trainees.

2) For training administrators- -, the test format should
facilitate error-free scoring and should provide economy
of cost, time and effort.

The testing procedure recommended is the one most commonly used
in administering group achievement tests. Each examinee is
given his own set of test items and instructions (in booklet
form) together with a separate sheet for recording item responses.
The examiner could administer the test orally, allowing a uniform
response interval following each item. However, while more eco-
nomical in terms of cost of test materials, this method is not
acceptable for several reasons:

1) Many, of the forms of'objective items to be included are
too, complex to be easily followed by ear;

2) Examinees cannot return to previously given items, thus
enbouraging guessing rather than thinking through each
item carefully;

3) A structured time limit per item is imposed on the testing
,situation. (As will be described later in this section,
every effort should be made to keep the testing untimed.)

Selecting the best method for reproducing test materials (i.e.;

item booklets and answeNforms) should take into account such
factors as the types of facilities readily available to the°
test constructor, the number of copies required, the types of
items to be reproduced (e.g., simple worded items vs. drawings,
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pictures, complex diagrams), and funds available for such use.
(A detailed discussion of available document reproduction tech-
niques is well beyond the)scope of this manual; the reader is
advised to discuss his particular requirements with those who
specialize ii} document reproduction.) In most cases, the reader
can employ the almost universally available and simple-to-use
techniques of mimeographing and photocopying when duplicating
test materials.

The Test Item Booklet

A variety of methods has been recommended for the layout of
test items, usually suggesting the grouping of all items by
item format (e.g., multiple choice, true/false) and arranging
all items by increasing level of difficulty. However, several
factors, specific to this proposed instrument, require a dif-
ferent item layout than is usually the case. For this instru-
ment, a satisfactory Arrangement of items must include the
following considerations:

1)" This instrument will contain separate subsets, each
composed of items of varying format.

2) The testing will be administered without time limits.

3) The test items will be administered twice to the same
examinees (and possibly again to future trainees).

Given the above factors specific to this test instrument, to-
gether with a number of factors related to achievement testing
in general, the following rules and guidelines should be
employed in the construction of the test item booklet:

1) A separateiresponse sheet for recording answers should
be employed.; no marking should be done in the test
booklet. It is then only necessary to reproduce new
answer sheets, using the same item booklet when re-
administering the instrument. In addition, hand, scoring
and key punching will be facilitated when all item re-
sponses are displayed*serially on one answer sheet.

2) A complete set of directions, with sample items correctly
answered, covering procedures for answering items with
different formats should be displayed on the first pages
of the test booklet. As state earlier, each item subset
may contain several item f s. Covering 11 types
of items at the outset makes i unnecessary t repeat
directions each time a different item format kis con-
fronted. Note: The only exception to this rule is the
Interpretive Exercise Item (see p, 27) kahich may require

43



37

.

its own unique set of diredtions which should accompany

the item. ,(Structure and content of directions are dis-

cussed on pp. 42-43.)

3) Within each subset, items can be grouped by format or
by levelsof difficulty, or both. Either way is equally
acceptable since the conditions requiring one or the
other of the methods do not apply here; that is, group-
ing by format is required when separate directions for
each type are given. Also, since the test is untimed
and will be given to adult examinees, it will not be
necessary to arrange items entirely according to'in-
creasing.difficulty. (The major assumption underlying
arrangement by difficulty being that, in timed tests,
if the examinee does not have enough time to finish the
test, he will not have attempted those items he probably
would not have answered correctly had he reached them.)

4) The entire item (i.e,., the problem statement plus the
response alternatives) should be placed on the same
page, or on facing pages. Furthermore, if tables, graphs

diagrams, etc., are presented, they should be placed on
the same page as all, items referring to them, or on a
facing page. This is probably the most important rule
related to the arrangement of items Having to turn
pages back and forth to obtain a complete idea as
presented in an item can be confusing to an examinee,
expecially when reference is made to graphs, tables,
etc. Since it is not absolutely necessary to arrange
items in any particular order within item sets, items

can be rearranged on the various pages'so that this
rule is not violated.

5) WYn arranging items, correct responses tp successive
items should follow no pattern. When a tentative
ordering of items is completed, the corresponding correct

answers should be checked to. etermine if a repetitive
pattern of response positions has resulted.(e.g., a,b,

a,b,c,a,b,a,b,c, etc.) When this occurs, the pattern
should be altered, either by rearranging the order of
alternatives of several items so that the correct answer
appears in a different position among the, possible alter-
natives, or by changing the order of several items.

6) The test title, introductory section (containing a

statement of test purpose) and instructions to examinees
should take up the first two pages of the test booklet
with the first set of items following immediately.
Although usually required in timed tests, this instru-
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ment doeg'ndt reguirb.the incahsionrof a seearaie cover
'' or Irigti-Uctitn and Item Section Separator Rages. Theyserve no useful Rurpose,and only add 'unnecessary
materials and reproduction cost,' (See p.AS fbr a dis-
cussion of the rationale fin. employing a detachable
Introduction/Instruction Section when designing the test
booklet for Pre- and POst-Test'use-)

7. Labeling item sets and individual items. Each item set
is considered a separate subtest (to be subjected.to ^.
independent analysis) and should be labeled as such.
Each subset should be preceded by a leading (e.g.,
Item Set 1, ,Item Set 2,etc.) and the items within each

w subset numbered in succession beginning with Number 1.
Arrows can be placed between item sets to serve as
separators and to show the progresgion of test items.

Labeling also serves i to aid the examinee in test taking.
Placing the same headings, item numbers and, arrows on the
answer sheet will reduce the possibility of errors when
transferring the letters corresponding to the answers
chosen from the test booklet tothe answer sheet,
( -1144- point is discussed further in the following dis-
cussion on recording answers.)

The Answer Sheet
I

Effiploying a separate answer sheet greatly benefits the test
administrators,by reducing costs and facilitating scoring and
key punching. That using separate answer sheets does not
complicate the examinees' test-taking b avior is.evidenced

. by the fact that many wid y employ chievement tests use
separate answer sheets wit little or no difficulty, even at
the primary school level.

There are two general types of answer sheets in current use.
,One is adaated for hand scoring, using a type of overlay
stencil with holes punched corresponding to the correct
responses. The other type is for machine scoring and is
'specially designed to be read by a test-scoring machine or
optical scanner. There is no advantage in using machine
scored sheets unless: a) Machine scoring facilities are
readily available; b) the machines can accommodate individual
subtest scoring and; c) the number of tests to be Processed
warrants the expense of machine scoring. A more technical
distussion of this mode of scoring is beyond the scope of this
Manual. The reader considering machine scoring should discuss
his specific needs with the suppliers of such services when he
is planning the layout of items.
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The design of the answer sheet to be hand °scored or coded for
key punching must be simple so that it provides an unambiguous
task both for the examinee and the,scorer. Systematic errors
either from incorrect recording of responses on the answer
sheet or ,from inaccuracies in scoring will confound the analysis
based upon resulting scores.

The layout of the answer sheet can be based on a variety of
formats. The most appropriate format is one which takes into
account the test booklet design as well as some general rules
of test-taking.

1. The general layout of the answer sheet should correspond
to the item format in the test booklet. Item subgroups
should be labeled by set number; items within each set
should be numbered consecutively; beginning with number
1, and there should be separations between subsets wAth
indicators (arrows) showing the correct progression:.Of
items. The labels and arrows, appearing as they do'on
both the test booklet, and answer sheet, reduce the

',possibility of error in marking answers. Also,, the-item
responses are serially displayed on the answer sheet so
that simple hand scoring can be easily and quickly
carried out. A sample answer sheet, designed for a 75
item test (with 5 item sets), is shown in Figure 2

2. abmplete instructions for recording answerg'should be
stated on both the test booklet and answer sheet; sample
items should also be provided in the booklet with space
for responding to them set aside on the answer sheet.
This. ill allow the3aminee (before beginning the
actual test) to become famiXiar with the item formats
and with the procedure`-for recording answers 'on the
separate sheet. (Sample items will not be scored.)

3. Examinees should be instructed to cross out i.e lace

an "X" through) the letter corresponding to the answer
selected for each iteih. An "X" will readily
appear through the holes .of the scoring stencil while
"circles" around the letter may not, resulting in
failure to credit a correctly answered item.
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FIGURE 2

MODEL ANSWER SHEET

11;A
TRAINEE ID V.

DATE

Instructions: Place an "X" through the correct, or most correct,
answer alongside the same item number as in the booklet.

Sample Items

1.

2.

3.

4.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

1.

2.

3.

4.

SET 1

1. abcd
2. abcd

3 cont'd) (set

abcd 13.

abcd 14.

abcd 15.

a b c d
abcd
abcd
abcd 1.

2.-

3.

SET 4 4.

4 cont'd)

abcd
abcd
abcd

SET 5

(se,t

5.

6.

7.

8.

9.

10.

11.

12.

13.

14.

15.

1.

2.

3.

4.

5.

6.

7.

8.

2 cont'd)

abcd
abcd
abed
abcd
abcd
abcd
abcd
abcd
abcd
abcd
abcd

SET

(sot

9.

10.

11.

12.

13.

14.

15.

1.

2.

3.

3 4.

abed

abcd
a bcd
abcd
abcd
abcd
abcd
abcd
a b

abcd
abcd
abcd
abcd
abcd
abed

ser

e d

2

SCORE
SUMMARY

SET 1

SET 2

abcd
abcd
abed
abcd
abcd
abcd
abcd
abcd
abcd
abcd
abcd
abcd
abcd
abcd

la b c d

a. END -

SET 3

SET 4

SET 5

TOTAL
SCORE

abcd 5.

abcd 6.

abcd 7.

abcd 8.

a,bcd 9.

abcd 10.

abcd 11.

a b c d 12.

abcd 13.

14.
abcd 15.

abcd

abcd 5.

abCd 6.

abcd 7.

abe d 8.

abcd 9.

'abcd 10..,,abed
abed 11.'

abcd 12.

abcd
abcd
abcd
abcd

9 )t
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ADMINISTERING THE INSTRUMENT

The achievement measures derived from the est instrument
described here are based on responies to a set of structured
stimuli. The test items themselves are on y one component of
the total stimulus situation, the other in egral part being
the test instructions. The interaction of these two components
gives the test situation its structure and provides a standard.:
ized basis for measurement. That is, what the completed instru-
ment measures is not only a function of the types of items
employed but also a function of the examinee's conception of
the test's purpose and what he is required to do. Since test
instructions and administration procedures have an influence
upon the measurement obtained, their formulation should be an
integral part of the planning and development of the instrument.
Their development should parallel item construction and the
design of tha physical layout.

The testing situation must be structured so as to reduce the
influence on the examinee's test performance of factors other
than those related directly to training outcome.

1

Extraneous Factors

In Order to underscore the importance of the guidelines dis-
cussed in this section, it is necessary to review those ex-
traneous factors that relate to the mechanics of test-taking
and the testing situation.

1) The purpose of the test, depending upon how it is in-
terpreted by the examinees, can positively or negatively
influence test performance. The way in which the test
is presented will have direct effects on such factors
as attitude toward the test, test-taking motivation,
and arousal of test anxiety.

2) Examinees in any structured testing situation vary widely
with respect to rior ex erience with ob'ective-type
tests. Differential sophist cat on in objective test
taking, unless controlled for, will be reflected in the
variation among subsequent scores.

3) How the test constructor deals with the prdblem of
"response-guessing" will influence test performance.
Imposing penalties for guessing can introduce extraneous
score variability due to influence of non-cognitive,

r
1.3
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personality factors. For example, when penalties are
assessed for wrong answers ("assumed guessing"), it is
likely that a part of the variation among scores will
be due to individual differences in risk-taking
behavior.

4) Time constraints can have an effect on measurement out,-
come. There are subject areas in which speed of re-
sponse is an integral component of achievement (e.g.,
measuring proficiency in such areas as typing, short
hand, telegraphy, airplane navigation, etc.). However,
the objective of this proposed instrument is to measure
both the range of subject information acquired during
training and the ability to adapt and apply this learn-
ing to new situations and not to measure how fast
examinees can respond to.items correctly. In addition,
timed testing conditions introduce the risk of operation
of personality factors (e.g., risk-taking behavior)est
anxiety, etc.) which, although not directly correlated
with what is being measured, could affect the measure-
ment outcome.' The test should be administered as a
"Work-Limit Test" of the type described by Ebel (9 ),
the objective of which is to determine how much the
examinee cap do, regardless of how fast or how slowly
he works.

The above factors are of primary concern in any testing situ-
atio where objective-type items are employed. The need for
such ontrols is increased when measuring a learning out-
come under a Test/Retest design. Every attempt must be made
to keep the structure of the testing situation as consistent
as possible from-the Test to Retest. The following guidelines
should be employed by the test constructor at the appropriate
stages.

Test Instructions

In order. to ensure uniformity of task orientation for every
examinee, it is necessary to observe the followipg rule:
regardless of any references made to the nature of the test
prior to actual testing, make the assumption that the examinees
know nothing about the nature of the test or the mechanics of
test-taking. The test instructions (in written form) should
structure the testing environment. Test performance must,re-
flect only the behavior the instrument was designed to measure,
not the examinee's ability to decode instructions.

test administration procedures should provide a testing environ-
ment that is uniform for all examinees. A number of points

5.1'
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should be covered in the introductory period preceding the
test-taking. These discussion points can be grouped under
several topic areas.

A3

1. Test Introduction

a. The Pre-Test

1) In general, examinees should be informed that
they will be given a test that will provide the
training staff with information for use in (V)
adjusting the level of instruction to meet the
needs and demands of the current trainee group
(see pp. 61-64; Utility of the Pre-Test) and
(2) defining program strengths and weaknesses
when revising it for a future presentation.
They should be informed that another test, to
be given at the end of the course, will be an '

integral part of this evaluation. (They should
not, for obvious reasons, be.told that the two
tests will be the same.)

While the major emphasis should be on the
importance of the test .in helping to improve
training, trainees should also be informed that
the information obtained will help determine
how much they have individually learned as a
result of the sequence of instruction.

b. The Post-Test

The reintroduction of test purpose should, for the
most part, be exactly the same in structure, and
content as at its pre-training counterpart. -The
exception is part (a) which should be revised so
as to reintroduce the test as the second part of
the evaluation procedure that was initiated at
the beginning of the course.

Note: Thg test description and instructions should be
printed on the first pages of the test booklet. This
is to ensure that all the introductory material developed
by the test designer is presented in a standardized
manner on both administrations.of the test.

ti



44

Procedures For Responding and Recording Responses

ai The method for selecting the correct response should
be printed on the first page df the item booklet.*
(This is necessary since the instrument is made up
of a number of subtests, each of which will contain
items varying in format.) In addition, the instruc-
tions should be followed by examples of the types of
items covered, together with the correct answers.

b. Trainees should be requested to read the directions
silently while they are being read aloud by the
examiner. (This is suggested since examinees do
not always read introductory material carefully and
understanding such material is necessary for estab-
lishing the optimal "mental set" for test - taking.)

c. The examiner should demonstrate how to record re-
sponse choices on the separate answer sheet. A
separate section for recording answers to sample
items (provided in the instructions on the test
booklet) should be printed on the answer sheet.

d. Trainees should then be instructed to answer the
sample items, recording their choices on e
separate sheet. These items and the core t answers
should be covered by the examiner to cor ct any
errors in the mechanics of recording.

Note: It is important, so that the test items function
with maximum effectiveness, that the examinees understand
the instructions completely before proceeding beyond
this point.

3. Instructions On Time Limits

A printed statement should reflect the fact that the
testing session will not be timed; that all examinees
will have adequate time to attempt all items. They
should be instructed, however, hot to spend more than
(X)** minutes average per item, at first to go through
the entire (test once and then return to any unanswered
items.

* Except for directions that should precede the more unique,
complex items (e.g., interpretive exercises).

** It is the task of the item writer to determiie the time re-
quired to answer the average item, depending upon such
factors as item difficulty, total number of test items,etc.



45

4. Directions For Guessing

Instructions should state that scores will be cal-
culated as the number of items answered correctly,
with no penalty for guessing. Examinees should be
strongly encouraged (since unanswered items will be
counted as incorrect) to respond to every item re-
gardless of whether or not they are completely sure
of the correct answer. (They might also le told
that each response given is an important bit of
information which will work to facilitate the
evaluation being conducted.)

While formulation of he exact wording is the responsibility,
of the test designer( ), the four factors described above
should be included in simple and unambiguous language to en-
sure that test-taking is as uniform as possible for all
examinees.

A model set of instructions (with Pre-Test Introduction),
incorporating the guidelines covered in this chapter, is il-
lustrated in Appendix D. The model is flexible enough so that
the reader can employ the same format when developing his own
test instrument. (The model is complete for the Pre-Test; it
can be adapted for the Post-Test by making the recommended
changes in the introductory section.)

Note: The introductory material will vary from Test to Retest
while the same group of items is administered each time.
Therefore, in order to minimize the cost of duplicating
test materials, the test booklet should be designed so
that the Pre-Test and, later, the Post-Test Introduction
section can be affixed to the same set of test items.
That is, after initial testing the Pre-Test Introduction
section can be removed from the test booklet and re-
placed with its Post=Test counterpart.

Guidelines For Administering The Instrument

The timing of test administratiOn (specifically of the Pre-
Test) can have an unwanted influence on the examinee's per-
formance. While the Post-Teat should definitely be administered
during one of the last formal training sessions, the time of
initial testing should be based, in part, on the nature of the
training group.

1. In a situation where the training program brings

individuals from different hackgrounds together as a
formal group for the first time, it is best to administer
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the initial test several days after formal training sessions
have begun. This will allow the participants to become ac-
climated to the training environment. Since they will have
totally adapted to the training situation at the time of
retesting, providing a period of adjustment prior to initial
testing will help equalize the conditions underlying the
two administrations of the instrument. When testing is
scheduled in this way, it will be necessary for the test
designer to exclude items assessing subject material covered
in the sessions before the Pre-Test. The added control over
testing conditions should more than compensate-for the re-
duction in total course content coverage.

In situations where participants have had time to familiar-
ize themselves with the training environment prior to the

, first formal sessions (e.g., when training courses are
preceded by an orientation program), the Pre-Test can be
administered during the first formal training session.

2. The introductory format (except for the minor changes
suggested on page 43)should be exactly the same for both
administrations of the test. Statements of pu ose and
instructions should be repeated orally by the xaminer on
the Post-Test exactly as they were for the Pre est. A

\ good rule to follow is: treat the administrat of the
Post-Test as if it were being given to the ex inees for
the first time.

3. The same examiner should administer both the Pre-Test
and the Post -Test whenever possible.

4. When the test examiner is someone other than the test
designer, he should become thoroughly familiar with the
test materials prior to the first testing session. He
should study the test booklet, instructions and answer
sheet thoroughly so that he can administer the test in
exactly the way it was conceived by the test designer
and be capable of answering questions and dealing with
problems should, they arise during the course of testing.
It should -be obvious that examinees are placed at a .dis-
advantage when the examiner is not familiar with the test
materials.

0 0
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t. The examiner should respond to all questions related
to test-taking mechanics. He is cautioned, hoyever, not
to attempt to answer questions relating to individual test
items.

6. The examiner should scan each answer sheet as it is
turned in and check that each has proper examinee identifi-
cation. The final administrative task for the examiner is
to make sure that 11 test materials have been returned,
especially the tes item booklet.

f
7 At the time of pre-testing it is important not to re-
veal the fact that the same test will be readministered
at the end of the training course. If requests for copies
of test items and/or answers are made at the end of the
testing period, the examiner should make a statement to
the effect that items and answers cannot be di ributed to
examinees since they are a standard part of the training
program and their effectiveness in future use r wires
that they remain confidential. At the same ti , examinees
should be assured (when it is feasible to do s ) that the
results of the evaluation will be made availabl o them ,
some time after the course has been completed.

r 3



CHAPTER III

CODING AND PREPARATION OF-RESPONSE
DATA FOR,ETATISTICAL ANALYSIS

This chapter discusses procedures for preparing the data on
the answer sheet for hand scoring (using scoring stencils) and
for computer-processed scoring (using punched card input).

The reader with ready access to machine scoring facilities
will require special answer sheets designed for that purpose.
This section is therefore optional for those intending to
utilize machine scoring since the preparation of answer sheets
can be left to the personnel in charge of such scoring services.

MANUAL/MECHANICAL PROCESSING

The Scoring Stencil

The most reliable method for hand scoring separate answer
sheets is to employ a scoring stencil -- a simple answer sheet
overlay with holes punched corresponding to the correct answers.
The stencil, which can be easily constructed, reduces scoring
to a standardized, mechanical procedure that is less subject
to errors than are the more "free-style" hand-scoring methods.

1. An easy-to-design and inexpensive stencil can be con-
structed by reproducing a copy of the answer sheet and
punching out spaces corresponding to the position of the
correct answers. A sample punched stencil for use with
the answer sheet (provided on p. 40) is shown in Figure 3.
(The dark circles correspond to punched-out areas, desig-
nating answer positions; the dark rectangle when cut out
will reveal the score summary section on the answer, sheet.)

2. An alternative to this type of stencil, which is punched
according to a specific set of pre-selected answers, is
a more flexible, reusable type of scoring overlay, similar
to the one shown in Figure 4, which was also designed for
the sample answer form. (The darkened areas correspond
to punched-out windows.) This type is very easy to use.

a) Letters indicating correct answers are written in the
spaces, between the parentheses, which correspond to
their respective item numbers within item subsets.
(The letters when pencilled-in can be erased and the
stencil used again, provided that the same number of
items is used with the same format.)

48
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FIGURE 3

MODEL SCORING STENCIL I

TRAINEE ID

DATE

PP/MCH Program.2
4/74-V74

Instructions: Place an "X" through the correct, or most correct,
answer alongside the same item number as in the booklet.

44.

SET 1

1. a b c

2. ac d

3. a b c

4. IV c d

5. a bd

6. a bed

7. 411 c d

8. a b c

9. a bed
10. abed

11. ac d

12. b c d

13. b c d

14. b c d

d

SET 2

1. a- bed

2. a b C

, 3. a bed

4. ac d

Sarsple Item

1 . a b c
2. abcd

(set 2 coned)

5. b c d

6. ac d
7. a bed

8. a bd
9. b c si

10. a b c
11. a b c
12. b c d

13. a bd
14. ac d
15. b c d

SET 3

1. a b c
2. a bd
3. a b c
4. ac d
5. a b c
6. b c d

7. ac d
8. a bald

jillillf

(set 3 cont. (set 4 coned)

9. ac 13. ac d

10. ac d 14. ac d

11. b c d 15. ac d

12. ac d

13. a bd
14! a b c SETS

15. a bd 1. a b c

2. b c d

3. ac d

SET 4 4. ac d

1. b c d 5. ac d

2. b c d 6. a b c

3. ac d 7. a bd
4. a b c 8. ac d

5. a b c 9. b c d

6. a bd 10. ac d

7. a b c 11. a bOd

8. a b c 12. a411c d

9, b c d 13. abed
10. a bd 14. a bed

11. .411c d 15. c d

12. a b c

.".

G.i
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MODEL SCORING STENCIL II

FP/MCH Program 2
4/74-7/74

by

6 2,
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b) The stencil is placed over the answer sheet so that
subset numbers from the two forms line up and the

'item choices on the answer sheet appear next to their
item numbers on the stencil'.

c) Subset and composite scores are then calculated and
transferred to the score summary column provided on
the answer sheet. These scores will subsequently be
transferred to a profile sheet which will display the
scores for all examinees.

The Profile

Two sets of data will provide the input for the statistical
analysis. The first spt is made up of the responses of each
examinee to all the items on both administrations of the test.
This data in the form of an Item/Examinee data matrix is ob-
tained from the individual answer sheets.

The second data set consists of the Test and Retest scores,
both composite and item subsets. To facilitate the non- ,

computer analysis of score data, some type of score summary or
profile form should be employed. This is simply a large sheet-
containing the score distributions for each examinee (identified
.by an ID code). Having all scores for all examinees displayed
on such a form eliminates the necessity of having to manipulate
a large number of answer sheets(i.e., 2 X the number of
examinees) when analyzing score data, a situation conducive to
quantitative error and unnecessary expenditure of time and
labor.

Score profile sheets are not difficult to construct and can be
based'upon any number of formats. An example of one type of
profile, with sample test scOLes, is shoWn in Figure 5. The
value of using a score profile such as the one in this example
will become apparent in a later discussion on non-computer
analysis of score data. It should be noted that the value of,
such a device is reduced if errors occur in transferring scores
from the answer sheets to the profile. Whenever data are being
transferred from one form to another, the forms should be
checked another individual to ensure reliability of the d4ta.

Processing For Hand Scoring

1. The first step in processing is to assigilidentification
codes to the response sheets. The response sheet for each
examinee should have the following basic information:

63
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05 FIGURE 5

I. SCORE PROFILE WITH TEST/RETEST SCORES
FOR 31 EXAMINEES ON A 113 ITEM TEST

IPP/MCN Program 1'(11/73- 12/73)
Evan=

ID
ITEM SET 1

T1 R1
ITEM SET 2

'22 R2 ,
ITEM SET 3

T3 R3
COMPOSITE
tT YR

01 28 34 23 32 9 12 60 .78
02 30 42 23 29 4 6 57 77
03 13 )9 14 17 3 2 30 38
04 26 43 25 36 9 9 60 88
05 23 26 29 33 5 11 57 80
06 29 37 30 36 7 7 60 80
07 33 33 25 34 7 12 65 79
08 23 31 21 28 6 6 50 65
09 28 32 22 24 9 8 59 64
10 29 34 24 30 11 15 64 79

4 11 25 34 21 28 6 6 52 68
12 13' 29 28 29 4 9 45 67'
13

tt.. 18 ,35 2,7 30 10 9 55 74
14 22 35 ' 21 '30 6 9 49 .
15 24 36 26 29 6 8 56 73
16 16 36 19 30 6 10 L 41 76
17 31 41 28 39 8 67 908 t 20 36 25 30 4 9 0 75

'19 19 36 23 32 6 12 48, 80
20 21 41 23 31 7 6 51 78
21 29 37 24 33 9 13 t2i. 83
22 8 .. 31 14 29 6 8 28 68
23 27 35 16 33 7 50 77
24 29 36 , 25 32 7 9 61 77
25 28 38 27 30 10 12' ,65 80
26 23 38 25 33 8 12 56 83
27 27 29 28 30 8 62 67
28 .29 39 29 38 6 12 65 89
29 18 38 k 24 28 6 8 48 74
30 t

r`
22 35 23 33 5 7 50 75

31 26- 31 "28 33 5 9 59 73
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y.

a. An exclusive, two-digit (or more) ID number to identify
the trainee.

b.' A code to designate whether the responses are from the
the Pre-Test or Post-Test (e.g., .1 for Pre- and 2
for Post - Test).

C. The date of administrationto identify the specific
Course attended by the trainee. (If more than one
course is being conducted during the same time period,-
each course should be assigned a code number and the
'appropriate one written on the sheet.)

In certain-situations-it may be necessary to add further
. identification information to the response sheets. For
example, the training staff may wish to evaluate the
dffectiveness Aof instruction on various training subgroups
(e.g., professional vs0 paraprofessional health workers).

'In this case, a code which classifies the trainee into
one or another subgroup would also be entered on the
response sheet.

2. Each answer sheet should be visually scanned to detect any
items with more than one answer marked. This is necessary,
prior to scoring with some stencils, since only the correct
answer will,appear through the punched hole. -Multiple-
ansATered items are to be regarded as incorrect and should
be eliminated from scoring. A colored line drawn across
the response choices for those will show through the
stencil, indicating to the scorer that the item is to be

',.discounted.

HAND SCORING PROCEDURES

General Scoring: Item Set and Composite Scores

When deriving the item set and composite scores, the hand
tabulating method used should result in error-free scores with
a;,minimum amount of staff time and.efort.

The employment of a scoring stencil and separate answer sheets
has been suggested to facilitaEe scoring with reduced errors.
In a further'effort to reduce ,the chances of error and con-,
fuaion when processing individual item response protocols, a
sy-stematic procedure should be used in tabulating and recording
scores. The approach recommended is as follows:

1. Tabulate each item set score separately and record the
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score in the place provided on the'answer sheet (see
Figure 2, p. 40).

2. Sum all item set
score and record

3. When all scores
fer each one to
file form.

scores, to derive the total (composite)
it on the answer sheet.

. 4

have been tabulated and checked, trans-
its ap ropriate space on a score pro- '

r4. Repeat steps 1 - 3 forleach trainee's answer sheet.

The Test'score data that are to be used (along with the Re-
test scores) in the sample analysis runs illustrated in
Chapter VII are displayed on the Score Profile Form in Figure 5.
With scores displayed in this manner, summary statistics
(i.e., means and standard deviations) can be easily computed
for the Pre 'Pest scores (and later for the Post-Test scores).
These statistics can be useful when.discussing the trainees
test performance, sincethey summarize the masses of score .
data and Brovide a'concise description of over all pre-training
(and post-trainihg) levels of subject matter competence,
The importance of carrying out separate analyses of Pre- and
Post-Test data, immediately after their respective administra-
tions, in addition to the combined Pre-/Post-Test dada analysis,
will be discussed further in subsequent sections of the
Manual.

Scoring_by Trainee Subgroups Item'Set and Composite Scores

It should be noted that on the Score Profile (Figure 5), the
31 trainees were considered as a single group when the item
set, composite scores and summary statistics were computed.
An alternative approach is to conduct the score analysis on
subgroups of trainees, determined on the basis of one or more
releiMnt parameters.. Some factors that could be used to .

define subgroups are the results o Pre -Test scores (high,
medium, and low scoring subgroups), or'the educational/experi-
ential backgiSUnds of trainees (e.g., professional vs. pare:-
professional groupings). The purpose of such groupings would
be to determine whethet the training has greater or lesser
effectiveness with one group than with others. That is, does
a specific factor such as initial competence or professional
backgrOund have some influence on the degree to which the
training instruction is successful in meeting its objective
of increasing subject competence? The decision to subdivide
trainees and the selection of factors that ,would underlie any
subdivisions Will be made by the training administrators
accprding to training objectives and composition of the group.
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If the decision is made to put trainees in subgroups, the end
of instruction Pre-/Post-Test analysis of item set and com-
posite score distributions should be conducted separately for
each subgroup so that inter-group comparisons can be made.
In such cases, it is recommended that separate profile sheets
be Used for each trainee subgroup,, using thesame format as
the Profile in Figure 5, and employing distinct ID codes to
identify the various subgroup profiles.

COMPUTER PROCESSING

Editing

1. Same as processing step 1 for hand scoring (p. 53),

2. ,Items with more than one answer marked are to be
eliminated from scoring by drawing a line across the
item on the answer sheet. (When Runching, the card
columns correspondihg to these it ms will remain
blank.*)

3. All item responses should be number coded and trans-
ferred to 80 coluhin key punch coding forms. .(See
Figure 6 for a sample coding form.) Punching should
be dpne from these coding forms and not directly from
the answer sheets, to reduce the posdibility of error.

Coding 4

, Systematic coding procedures must be employed since consider-
able data manipulation is involved, presenting numerous pos-
sibilities for error. The following sequence outlines the
procedures required to convert the raw data (individual item
responses) to coded data for use inpunch card processing.

The format described is required for data that is to be
computer-analyzed under the specific system of scoring and
analysis programs presented in the Manual. (See Appendix_E).

1. a) When the response alternatives are listed alphabeti-
cally on the answer sheet, it is necessary to convert

* Unless a standard Item Analysis of the Response Data is to
be conducted (seepp. 121-127) most Item Analysis proce-
dures require a code for differentiating between the types
of possible responses given to an item (i.e., the correct,
incorrect and multiple response hd no response.) A
suggested code isprovided on page 56.
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responses to their numeric counterparts (a=1, b=2,
etc.). The converted numbers designating an answer to
an item should be written in to the rig4t of that item.
(Note: For Item Analysis purposes (see pp. 121-127)
no response given should be coded "0" and multipl
responses, which are to be considered incorrect,
should be coded "9".)

b) When the conversions have been completed for a answer
sheets, each of the sheets should be checked rtr con-
version errors. If possible, checking shoul.ibe done
by a second person.

2. The response choide numbers should then be t an ferre
80-column coding forms. It is assumed that ho .e pl -
ning to use key punch and computer facilit' s w'11 have
ready access to standard coding forms. I this is not
the case, a simple form can be constructed using the
sample form displayed in Figure 6 as a model.

Punch Card Data Format

In order to run the data with the programs provided in Appen-
dix E, it is necessary to transfer the data to the coding forms
adcording to'a specific punch card format. That is, data are
to, be displayed on the coding forms so that after punching
there is a card (or cards, depending on the number of items)
for each trainee- containing his responses to all items.*
The first card for each trainee must contain an ID number.
When more than one card per trainee is required, these .cards
should also contain ID numbers twidentify each trainee's
card should the data deck become disordered.

The data transfer from answer sheet to coding form should pro-
ceed according to the following punch card format (etch 80-
columh row on the coding form equals one punch card)

* A more pomplete descriptiOn of the computer input data
formats will be found in the documentation for Program
COMSCOR in Appendix E.
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Data card format (for each trainee):

Card 1
1

Columns 1-2 trainee ID number (required).
Columns 3-80 item responses.' If total number of

items exceeds 78, extra cards will
be needed.

Cards 2-4
Columns. 1-2 trainee ID number.
Columns 3-80 item responses.

After t last trainee's set of responses has been recorded on
the coding form, each set should be checked for possible er-
rors. (Again, it ig suggested that cards be checked by a
different person, if possible.) A sample coding form display-
ing the responses of four trainees to a 113.item test (from
the Rennes Assessment Study) is shown in Figure 6.

<4,4

Keypunching

The only requirement for punching the response data is that a
keypunch comparable to the IBM 029, which employs an EBCDIC
code, be used. The FORTRAN IV programs presented in Appendix
E require that data decks be punched according to this code.
It is suggested that this requirement be discussed with avail-
able computer personnel before the data is punched.

Since all of the numeric data for the complete statistical ana-
lysis will be contained in the Pre-Test and Post-Test item
response decks, all appropriate procedures for data verifica-
tion should be employed during the punching stage.

In order to avoid confusion during the analysis stage, each
response deck should be4k4ignated as either Pre-Test or Post-
TeSt. Such identification can be written (with an ink marker)
either on the front and back data cards or on the,top and
bottom edges of the card deck.

COMPUTER SCORING PROCEDURES

General Scoring:, Item Set and Composite Scores

TheThe computer scoring of item responses by separate item sets
and composite scores will be carried out*by Program COMSCOR,
using as input the punched card db\ta decks, the preparation of
which was described above. The program will compute scores
and suimary statistics for each poem set as well as for the
item composite, treating the trainees as a group. A complete
description of the requirements for and capabilities of Pro-
gram COMSCOR is provided in the documentation for the program,
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in Appendix E.

Scorina By Trainee Subgroup: Item Set and Composite Scores
.

A variatiOh in the computer-scoring procedure will be neces-
sary if the trainees have been divided into subgroups, and
inter-group scores and item response analyses are required..
The input data deck would be divided into subdecks, each sub-
deck corresponding to a subgroup of trainees, and serving as
data input for analysis of subgroups. For example, with high,
medium, and low score subgroups, the program (COMSCOR) would
be run three times, resulting in three separate item set
composite score printouts. With this data available, it ld
be possible to make intergroup comparisons to check for ..
differential effects of instruction due to differences in "L.

group characteristics. Separate subgroup runs for all other
computer programs comprising the analysis package would also
be carried out. *

Timing of the Scoring: the Pre-Test

Although it is possible to defer the scoring of the responses
to the Pre-Test until the end of the training sequence, run-
ning both Pre- and Post-Test analyses together, it is recom-
mended that the Pre-Test be scored as soon as possible after
its administration. While a comprehensive discussion of this
issue is presented in the next chapter, it should be noted at
this point that the scoring data derived from the Pre-Test can
be valuable to training administrators and instructors, by
giving them information to help guide the course of instruc-
tion,to make it more responsive to the needs and demands of
the current trainee group.

ft



CHAPTER IV

UTILITY OF THE PRE-TEST

In terms of assessing the effect of training on subject matter
competence, the Pre -Test is used to provide pre-instruction
baseline levels of competence against which the post-training
levels are to be compared. However, the Pre-Test also has

endent utility as a means by which the proposed course
of nstruction can be assessed and modified (if necessary) ti' .
mee certain trainee needs, and demands.

Before becoming involved in a diicussion of the first stage
of data analysis, it is necessary to consider the three basic
assumptions which underlie the evaluative design.

The importance of establishing the validity of these assumptions
rests on the fact that the degree of confidence ascribed to'any
inferences concerning the effectiveness of training is based
upon the degree to which the assumptions are considered
tenable.

Assumption 1. The test item content provides a repre-
sentative sampling of the subject content comprising the
course of instruction.

Assumption 2. All items were properly constructed and
critically reviewed (with the necessary revisions made) in
accordance with the rules and guidelines presented on pp. 28-
31 and Appendix C.

Assumption 3.. The Pre-Test,
sscores

of the trainees should

'incoming
to be quite low across subject- areas. That is, the

'incoming trainees should not, as a group, be highly com-
petent in the subject material comprising the training.
There would be little value in constructing a training
program with students who were already competent in the

material to be covered. (The following section will dis-
cuss situations in which this assumption does not hold.)

One way in which an analysis of the Pre-Test scores can be of
value is as an indicator of whether or not the course material
(as outlined in the curriculum plan and as represented by the
test item content) is appropriate (or adequate) for the
current group of trainees. Consider, for example, a situation
in which a majority of the trainees score very high (e.g., 80%+)

on one item set and do as expected (see assumption 3, above)
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on the remainder of the test. Since the pre-instruction com- .

petence in onp of the subject areas to be covered is already
quite high, it would be a waste of time, both for the train-
ing staff as well as the trainees, to present the course with
the same subject material as outlined.in the original curric-
ulum plan. It would be necessary to effect some revisions in
the proposed curriculum to make the instruction more relevant
to the demands of the group. This can be easily done by
adopting one of the following procedures:

1. CormIder the trainee group as competent in the high
score area and drop the subject area completely from
the curriculum, devoting all of the training time to
a coverage of the low-score areas. This might be
done in situations where the scores in one subject
area are so high that the instructors feel that little
more could be learned by the trainees in that subject
area.

2. Keep the subject area in the curriculum, but shift
emphasis away from the high score area toward a more
intensive coverage of the areas in which the trainees
displayed low pre-instruction competence.

3. Keep the subject area in the curriculum, but upgrade
the instruction to a more advanced (and possibly more
difficult) coverage of the subject area. That is, a
segment of instruction would be devoted to coverage of
subject material in an area that required an already
basiC level of competence. (This is similar to the
practice of using the introductory course or an
advanced placement exam as the prerequisite to the
intermediate and/or advanced level courses in a
specific area.) In some subject areas, it might not
be possible to upgrade the level of instruction so
that it would be better to drop the area from the
curriculum and concentrate on the other areas (see
option 1).

While it is possible for the trainees as a group to score very
high in certain subject areas and low in others (the type of
situation described above), another type of situation is more
likely to occur. This would be one in which different in-
dividual trainees or trainee subgroups displayed varying
degrees of competence in different subject areas. Such a
possibility might exist since (in ,rnany training situations) the
trainees have dissimilar educations, professions, or ex-
perience. Such heterogeneity is quite likely to mani-
fest itself on an achievement test through variations
in scores both for the individual trainee as well as for one

.1
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or more trainee subgrpups. When the instrument is administered,
as a Pre-Test, to such a heterogeneous group, the picture that
is likely to emerge is one in which a few trainees obtain
consistently high scores, some get consistently low scores and
the majority displays wide variations in the pattern of high
and low scores. Such a high-low profile of score "scatter"
can be used to determine which individuals or groups of
trainees require special instructional attention and the subject
areas in which such attention is required. This can be done by
considering the scores for each segment of instruction (i.e.,
as represented by the separate item sets) independently. On
the basis of each group of item set scores, the trainees can
be grouped (using some pre-defined set of cut-off scores) into
'high,' medium' or 'low' scoring categories. Special atten-
tion could then be provided to those trainees in the 'high'
and those in the 'low' score categories. This special atten-
tion, Commensurate with competence level of each of the sub-
groups, could take the form of small group and, when necessary,
individual trainee tutorials* as well as outside supplementary
readings and/or projects.,

The grouping of trainees, in addition to.helping adapt the
level of instruction to the needs of the trainee subgroups,
can also serve an important evaluative function by adding
another level of evaluation to the already existing stages.
Up to this point, emphasis has been upon an analysis of test
data for the total group and for the individual trainee. With
the total group now subdivided into 'high,' medium' and 'low'
pre-scoring categories, it will be possible to make a quanti-
tative assessment of the relative impact of instruction in
terms of the trainees' incoing level of competence. Since
the possibility exists that Ph trainee's relative increase in
competence is not only a function of the effectiveness of
training, but also a function of the trainee's initial (i.e.,
p -course) level of competence, an analysis of scores by
tra ee subgroups might prove valuable.

In der to carry out the analysis at this level it would be
nec sary to rank-order the trainees on the basis of Pre-Test
sco s from highest to lowest score. The trainees would then
be split into 3 groupings of equal (or near equal) size and
the groups labelled as 'high,' medium' and 'low' scorers.
The Test/Retebt data for each subgroup would then be subjected
(separately) to the type of analysis described in Chapter V'
The final assessment of training effectiveness would be basd
on thepooled findings of the apalysis of data for each sub4
group together with a series of inter-group comparisons of

trends.
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it should be noted at this point that subdividing the trainees
into scoring categories for purposes of individual subgroup
analysis should not be done unless the pre-score data warrant
such a breakdown. For example, if after ranking, only a few
score points separate the highest from the lowest scote, then
it would not be of value to conduct the analysis of subgroups.
It is suggested that separate subgroup analyses be conducted
only when the range is wide enough (e.g., 20 or more points,
with the trainees more or less equally distributed along that
score`range) to help ensure a moderate amount of score differ-
ence between subgroups. A cloSe grouping of Pre-Test scores
would not permit t e'subdivision of trainees into subgroups
that display d' riminable differences in pre-instruction
levels of co etence.

Another situation that-tould occur is one in which the trainee
group obtains an extremely low mean score (i.e., one approach-
ing ze ) on the Pre-Test. The question that arises is whether
or n the curriculum level is unreasor4b,,l.y high and beyond
th, capabilities of this group, given the F:ount,of instruction
time available. Opinions in this respect would be influenced
by indications that the trainee group has (9r does not have)
a basic understanding of prerequisite terminology', concepts,
history, etc. The dedision would then have to be made as to
whether or not the course level of instruction is to be lowered
and( if so, to what degree. A similar question and decision
would pertain also to any trainee subgroup who fell markedly
below the Pre-Test score levels of the others.

NOTE: If, on the basis of data provided by the Pre-Test, the
curriculum and, thus, the course of instruction s revised,
it will also be necessary to make revisions in t e content
and/or structure of the test instrument and the ubsequent
Test/Retest analysis. The effect on'the evaluat on of train-
ing developing out of these revisions will be taken up in the
discussion on the utility of the Post-Test (see Chapter VI).

7 6



CHAPTER V
\.

THE CURRICULUM AUDIT

Definition and Purpose

On. pages 28-31 (and Appendix C), guidelines are given for
facilitating the construction of test items (prior to the
beginning of instruction) using only the information provided
by the curriculum plan and,the list of specified learning
objectives. It was shown that the learning outcome being
sampled by a test item is defined by the specific grammatical
and semantic structure of that item. Thus it is possible to
ensure, at the time of test construction, that the items
represent a valid sampling of the types of beh#vioral objec-
tives (i.e., specific learning outcomes) that the training
program attempts to achieve. HoweverOt'is not possible to
determine during the test development stage whether or not
the item content is a true representative sample of the types
of subject material actually covered in training `- ,Therefore
the issue of content validity requires further consideration.

n the Test/Retest design, the testing instrument must be
onstructed before the sequence of instruction has actually

been carried out. Unlike the tests of learning common to the ,
school and college classroom where test items are usually
written after the subject material has already been covered,
the Pre-/Post-Test instrument consists of items developed
exclusively from the curriculum study plan. The validity of
this rocedure rests on the assumption that what is outlined
in e1:->tudy plan will actually be presented to the trainees
duri, the course of instruction. This assumption is warranted
with certain types of formal instruction: an example is the
basic or introductory course where there is a well-defined
core of specific material that must be covered (e.g.,. algebra,
descriptive statistics, English grammar, etc.). In this case
the course content generally remains the same, regardless of
the teaching approach used or the instructors involved.

Although there probably are training programs of long standing
whose curriculum plans are well-established and accurately
reflect the structure and content of the actual course of .

instruction, this is not enerally the case. Training programs
are directed toward prep ring individuals for some specific
vocational objective. 0 ce training begins, it is not unusual
for the instructor(s) to alter the subject content (as out-
lined in the curriculum plans) to meet the needs and interests
of the trainee group and to.conform to the general level of
subject competence as indicated in a Pre-Test.

'.1.
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Further, unlike well;esta:blished courses 'where both the sub-
ject content and the criteria...required for subject competence
are highly structured, the training program curriculum is
often less well7defined and usually undergoes some modifica-
tion each time the sequence of instruction is presented.
Regardless of the cause, there is a high probability of dis-.
parity between subject.topics proposed for study as described
in the curriculum plan; and the actual areas'covered during
instruction. This discrepancy may result in lower content
validity of test items developed prior to. the training, thus
weakening the inferential powers 'of the test results. There-
fore, the conclusions drawn from the statistical analysis of
scores'must be weighed against an estimate of the degree of
concordance between the content of instruction and the content
of the test items. This estimate is best Obtained from's
detailed study of the content of instruction as it is actually.
presented, through a_Curriculum Audit.*

The basic requirement for such an audit is a systematic pro-
cedure for rating the degree of coverage given during each
training session with relation to the specific subject areas
sampled by each test item. This is best accomplished By the
use of a content checklist, a listing of test items classified
by subject content. An explicit statement defining each item's
content can be provided by the test constructor from his test-
blueprint .(see pp. 12-16). A checklist is then made by con-
structing a two-way grid with the item content list on the
vertical axis and the horizontal axis labeled with the degrees
of coverage (i.e.; .complete/partial/not covered). An example
of this type of checklist is,provided in Figure 7. Although
it is designed for a hypothetical, statistics training sequence,
the basic form can easily be adapted for any type of training.
(The checklist is incomplete since the numbers and types of
items required to provide adequate coverage of such a training
sequence are too numerous to illustrate heie.)

Concurrent and Retrospective Auditing

There are essentially two wayi to conduct a curriculum
Audit; namely, concurrently o3 retrospectively.

1. Concurrent Auditing
ment bf concordance
basis while the trai

w

0 the name implies, is an assess-
ducted on a session -by- session
g is in progress. This approach

4
A *.

* Developed by S.M. Wis ik for the evaluation of Maternal and
Child Health courses he conducted at the University of

.

Pittsburg.

.
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FIGURE 7

SAMPLE ITEM COVERAGE CHECKLIST
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quant. meth. 'wog. (stat.T
10/72-2/73 .

DEGREE OF COURSE COVERAGE

ITEM # CONTENT AREA
COMPLETE PARTIAL NOT COVERED

1 nominal, ordinal, intertal
fi ratio measurement scales

2 grouped frequency
distributions

.

3 cumulative frequencies
fi distributions

4 percentiles .

5 percentile ranks

6 measures of central

tendency: mean median
& mode

A .

-

7 selecting the appropriate
measure of central ten-

dency, ,
,

8 relationship between central

tendency measures fi the

shapes bf distributions

A

9

.

measures of variability
.

10 mathematical operations
with the variance ,&

.standard deviatiqn

o
. .

,

.

11 the 0Oncept of the
random sample

12 characteristics of,a
sampling distribution .

13, sample statistics as
estidaiors of populat-
ion parameters: mean c
standard deviation

,

. Q,

.

r

.

'

.

14 normal distributions

,

15 use of the tables40f,
the normal disthbut-
ion

.

1
.

16 statistical hypothesis
' ''

17 the problem of error in

hypothesis testing .

.

selecting the appro r
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requires that an auditor sit in en every training,ses-
sion. (The auditor should be someone other than the
instructor who is familiar with the nature of the suP-
ject material.) There are two approaches to conducing
the concurrent audit:

a) Employing the Item Coverage Checklist

The auditor should check the training syllabus (i.e.,
the curriculum plan)' for each Session to ident' y
the specific items on the checklist who.se
areas are scheduled for discussion. (The items
_should be listed in the sequence in which the sub-
ject areas they sample are to be covered' during
instruction.) During the session he will record
on the checklist, next to those items, whether or
notthose subjects were, in fact, presented and the
degree to which they were covered.

Complete and/or no coverage of a content area can
be designated*by placing check marks in the appro- -

priate cells adjoining that area on the checklist.
A brief sketch of what was and was not covered
should.be recorded, howevert,' when partial coverage
of a content area is to be noted.

This procedure is conducted for each.of the trAl-111--,7
ing sessions. At the end of training there will be
a record of the degree of coverage of subject areas
sampled by all of the test items. The data from
the checklist can then be reduced to a-table of
summary tabulations (see example, p. 73) for use in
the interpretation of the statistical analysis of
test results.

b) An Alternative to the Item Checklist

The training seminar is designed as a structured
learning experience for the participants. Seminars
are conducted according to predetermined curriculum
plans which structure each sequence of instruction
in terms of the specific subject content to be
covered as well as the sequence and mode of presen-
tation ef that content.

In order to maximize the learnin
is often desirable to encourage
structor--4 participant) over the
tor--)participant) instruction
type of interactive flexibility
will not always be possible to m
cifdance between the subject con

8U

opportunities, it
he two-way (in-
one-way (instruc-
del. When this
s emphasized, it
intain high con-
nt of the seminar
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and the content outlined in the curriculum plan.
When the sequence of instruction has been altered,
the subject material reflected by the test items
may not necessarily be covered in the session
planned, but at a later (and possibly unspecified)
time. When there is, a strong probability that such
alterations in sequence will occur, a variation in,
the Concurrent-Audit as described above, should be*,
implemented. 7

4

An auditor would still attend each session but the/
Item Coverage Checklist would not be used. Instead,
a brief "subject coverage-by-session" table would
be constructed by the attending` auditor. That is,
instead of employing a pre-constructed Item Check-
list (as described above) the auditor would compile
a content outline for each session attended.

The auditor would list, in sequence, the major sub-
ject areas (by topic and subtopics) together with
a brief description of the content subsumed 'under
each major heading. Then, for each major topic,
he would describe the degree of content coverage
in terms of substantive variables, such as amount
of tple devoted to topic, list of concepts discussed,
type of examples presented and/or computations
carried out, nature and number of student exercises
provided,,etc.

4 table, derived from a statistics seminar, which
. displays a sample entry for, a training session
covering measures of central tendency is in Figure8.

Each description of topic and coverage should be
brief and concise so that the auditor can spend the
major portion of each session attending to the sub-
ject presentation, not filling'in the tables. In
most cases, a few key words can be used to describe
the topic areas together with a concise paragraph
summarizing the coverage activities. However, enough
information should be provided so that the tables
are self contained i.e., self-explaining) summaries
of each training sion both in terms of topics and
instructor/participant activities.

Upon completion of the final session of the seminar,
these tabular summaries would be compared with the
items comprising the test instrument. The content
of each item would be compared with the relevant
topic listed in the summary to assess the degree of
concordance between subject content of the item and

6:1
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FIGURE 8

SAMPLE SUBJECT COVERAGE-BY-SESSION TABLE

statistics training seminar - 11/16/72)

topic by session degree of coverage.
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the coverage provided that sub ect during,he session.
This adequacy-of-coverage ptoc ie_would be con-
ducted on an item-by-item basis. (A broad_COMPL /
PARTIAL/NOT COVERED cale will be a Ate
claisifying each it ee of cove
This data can then be.r duced frequency table
(see pr 73) for later use in the inte tation of
statistical results.

4ssigned outside readings providing relev nt
subject material-Trot covered during the training
sessions should also be noted during the audit.

Simply recording on the audit form used the specific
.1,9,0=galeili-'4A,6--AIrest-r-i-pt-ion of con-

tent, will be-sufficient. Test items covering pro-
posed outside material can lateebe checked 'with
the audit to determine if the material was attually
assigned. 4

2. Retrospective Auditing When it is not feasible to
conduct the audit during the course of training, it
can be done after the final session on a retrospective,
basis. This approach is, essentially, a content anal-
ysis of the instructor's training log describing the
proceedings of each training session. ,Many instructors
maintain detailed accounts of subject coverage (usually
recorded after each session) throughodt the course of
instruction. If this is not the case, the instructor
shoul. d be requested to do so, if only for auditing pur-
poses. (The auditors can increase the effectiveness
of.the audit by providing the instructor with an out-
line of the types of data they will require.)

It is possible to employ several staff members to
serve as Auditors since a retrospective assessm
conducted ,at a single point in time. The proce
are basically the same as those for the Concurren
Audit except that the analysis is based upon written
accounts of each session rather than on direct obser-
vation of instruction by the auditor. The auditors
check each item on the checklist againSt the content
data detailed in the log to determine the degree of
coverage given to the subject area sampled,by the item.
Aktable summarizing -Ole results is then constructed
(see p. 73) for use in the subsequent test analysis.

Which approach too employ will depend on conditionspecific.to
each training program. Where funds and available staff time
permit, a concurrent approach should be used since the auditor
can base his assessment on direct observation rather thdh having

is.
es
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to depend ohthe written accounts of the instructor. When
this is not feasible the Retrospective Audit can be used.
With the latter approach, the maintenance of detailed, written
accounts of each training session conducted must be made An
integral part of the instructor's training schedule.

Using. the Results

Regardless of the approach selected, the resulting data will
provide information concerning the degree to which the test
measures,a representative sample of the subject matter con-
tent under consideration. While the results of the audit do
not enter into the formal statistical analysis of test data,
the findings should be considered when interpreting the.data
in terms of trainee achievement and training effectiveness.
For example, if the audit shows that many of the items were
only partially covqgttror not covered at all, there is reason
to conclude that the test results are invalid for the subject
areas being assessed. If, on the other hand, the audit finds
a high degree of overlap between items and actual course con-
tent, it can be concluded that the test is assessing those
subject areas it was esigned to assess.

An illustration of the ay in which the results of an actual
Curriculum Audit were u ed in the assessment of content

is presented below.

The spNfic train' program involved was a 7 week Seminar-
Workshop in Famil anning/Popu ation Program Management.
An Evaluation Inven ory, compos A of 85 test items, was con-
structed to measure trainee competence in three major subject
areas. The items were grouped into 3 separate item sets.

The type of, audit employed was retrospective.
The subject content of each of the 85 items
was checked against the detailed descriptions
of subject coverage for.each daily training

. session as reported in the curriculum logbook.
The auditing was conducted by staff members
who were actually involved in instruction and
were familiar with the subject material. Each
item was discussed until all the auditors were
in agreement as to its "degree of coverage"
rating. The resulting data, tabulated from
the checklist, are repr?duced in the. following
table:
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DEGREE OF COVERAGE

COMPLETE PARTIAL NOT COVERED

SET 1-ITEM Nos. 1-9; 12; 14-20;
23-28; 30-32

10; 22 11; 13; 21; 29

SET 2-ITEM Nos. 1-28; 30-34 ,

29\ .

SET 3-ITEM Nos. 1-12; 14-19 13

TOTAL - COMPLETE: 77
PARTIAL : 3

NOT COVERED: 5

Less thin 110$(.094) of the 85 items were rated
as snot or partially covered by the course in-
struction. The results justified a subjective
assessment of moderate to high. content /alidity.
It was thus concluded that the Inventory items
provided a representative sample of the relevant
subject areas covered in the Seminar-Workshop.

The "not covered" items were omitted from the subsequent scor-
ing and the analysis of test results. This procedure was
acceptable as the number of uncovered items was small and the
total number of items sufficiently large. It is suggested
that when the audit indicates a moderate to high degree of
validity, the "not covered" items should be omitted since they
will contribute little to an assessment of what was learned in
the training prograA.

If a large number of items is in the "not covered" or "partial--
ly covered" categories, it will probably be necessary to
abandon the Test/Ratast design and write a new test to be
administered at the end of instruction. This test can be made
using the Cuericulum Audit itself as the subject area check-
list and drawing upon it for new items. (See pp. 74-80 for a
discussion of the Post-Test, and its uses apart from those
specific to the Test/Retest assessment).

8 :5



CHAPTER VI

UTILITY OF THE POST-TEST

The Post-Test, like its Pre-Test counterpart, serves a func-
tion beyond that of assessing the effect of instruction on the
levels of trainee competence. The Post-Test data, taken alone,
provides inforMation that is similar to the data derived from
the type of test given in most academic situations. That is,
it will indicate.an individual's level of competence in one
or a number of specified subject areas.

If a group of trainees is preparing to assume job positions
where high levels of competence in the subject matter covered
in training will contribute greatly to their "on the job"
success, then the trainees' performances on an "end of in-
struction" test will provide one indication of their job
readiness.

Like most "end of instruction" testing situations, the Post-
Test results alone will indicate only how competent each of
the trainees each of the subject areas being assessed.
Without the baseline data derived from the. Pre -Test, the
relative contributions of the sequence of instruction and
various pre-training experiences to the competence demon-
strated by the performance of the trainees on the Post-Test,
cannot be assessed.%,..-

Although the use of the Post-Test alone is not recommended
when the objective is to assess the impact of instruction on
levels of competence, certain situations will arise (to be
discussed below) in which the only objective data available
are those which were derived from administration of the test in-
strument at the end of instruction.

Previously (pp. '61-64), the point was made that it will some-
times be necessary to make revisions in the proposed sequence
of 'instruction. Such revisions will be called for when the
results of the Pre-Test indicate that the proposed curriculum
is not appropriate for the current group of trainees.

Since changes in the course of instruction involve changes in
subject matter coverage (see pp. 61-64), the assessment of
trainee competence-Might be directly affected. This is due
to the relationship between the course material and the ob-
jective test instrument. That is, there is a high probability
that since the test items were constructed from and reflect
the content of the proposed sequence of instruction (as

86
74



75

originally outlined in the curriculum plan), any change in
emphasis on.the material actually covered will create a dis-
parity between the item content and the course content. The
degree of disparity will determine the extent to which the
testing instrument (administered under a Pre-/Post-Test des'gn)
is, or is not, valid for assessing changes in trainee com-
petence in the subject matter of instruction.

Situations Requiring Post-Test Revision

An illustration of the type of testing situation that can
arise which necessitates varying degrees of revision in the
curriculum will help clarify this important issue. Consider
the following premise:

On a test instrument assessing competence in 4
subject matter areas, a group of trainees ob-
tained mean Pre-Test scores of 94% on Item Set 1
and 15, 23, and 31% on the other three, respec-
tively. The assumptions (stated on p.61) are
held to be valid in this case. Thus, tnere is
evidence for concluding that the high Item Set 1
mean score indicates a.very high level of com-
petence among the total trainee group in the
subject material being assessed by that item set.

Based'upon the above premise, some representative,guidelines
for modifying the assessment design in light of necessary
curriculum revisions can be provided (taking into account the
general suggestions for making curriculum revisions stated in
an earlier discussion, see pp. 61-64). Since the Pre-Test
items cannot be revised, the emphasis will be upon changes in
the Post-Test items and/or revisions in the overall analysis
of the Pre-/Post-Test data.

1. The content of instruction in the subject area
assessed by Item Set 1, when possible, can be
upgraded to a more advanced. complex level of
coverage (see option 3, p. 62). If this is
done, it will be necessary to construct new
Set 1 test items to cover this more advanced
material. These items would then replace those
items that were answered correctly by most of
the trainees on the Pre-Test. These new items,.
together with those original items which M0444
of the trainees missed on the Pre-Test would
constitute a new Item Set 1 to be administered
on the Post-Test.

In terms of analysis, the entire set of Test/
Retest statistical procedures-1'as outlined in

8
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.

Chapter VII would be applied only to the
trainee responses to Item Sets 2-4. Since
the Item Set 1 of the Pre-Test will now differ
from that of the Post-Test no Test/Retest
analysis would be conducte for the responses
to Item Set 1 (or for the C mposite scores
since the total Pre-Test an Post-Test do not
consist of completely comparable items). In-
stead, the final analysis of the responses to
Item Set 1 would be conducted on the Post-Test
administration only. The analysis oftem Set
1 data would consist of an assessment of the
number of items correct out of the total num-
ber of iteTs, both for the individual trainees
and for the trainee group. Since there will
be no comparable Pre-Test baseline data for
Item Set 1, the analysis will focus only upon
assessing the trainees' levels of competence
with the more advanced subject material without
relating these current levels to the effects
of 'instruction,

Although the Pre-Test and Post-Test responses
for Set 1 are analyzed separately and will
provide little direct evidence of the impact
of instruction on competence levels, both
pieces of information can be useful to the
overall assessment in terms of trainee achieve-
ment. That is, the Post-Test data will show
how competent the trainees are in advanced
subject matter wAile the Pre-Test results
(for Set 1) display their competence in
subAct material at the level which admin-
istrators initially considered appropriate
for the trainee group.

Thus, a two step analysis is being effected.
The' Test/RetestiOnalysis of responses for
Item Sets 2-511 provide the assessment
of tratvirWaffeetiveness (and job readi-
ness) While the separate analysis of Pre-
Test alp Post -Test responses for Item Set 1
will provide the assessment of trainee
achievement and job readiness with respect
to competence in,a specific subject matter
area.

8a



77

2. It will not always be pOssible to elevate the
content of instruction to a more advanced, com-
plex level in subject areas where the Pre-Test
results indicate existing high levels of (pre-
instruction) trainee competence. This is be-
cause the content of instruction assessed by a
specific item set might have been initially set
at a fairly comprehensive and exhaustive level,
making an upgrading of the subject material
difficult, if not impossible.

In certain situations it might be more appropriate
either to(1) drop the subject area completely from
the curriculum and concentrate the efforts of in-
struction on coverage of the low score areas
(option 1, p. 62); or(2) retain the subject area
but give it less coverage than originally pro-
posed; place greater emphasis on the subject
areas in-which there were low pre-instruction
levels of competence (option 2,.p. 62).

A change in emphasis on the subject matter of
instruction may or may not necessitate changes in
the item content of the test instrument. This
will be deermined by the nature of the change in
instructional content. This is illustrated below
employing the premise as stated on p. 7S.-

a. If the subject material tested by Item Set 1,
the high score area, is either dropped from
the curriculum or given less coverage than
'originally proposed, more time can be devoted
to coverage, of the subject materials tested
by Item Sets 2-4 without adding new content
to the curriculum. Without the addition of
new subject matter it would not be necessary
to construct new and additional test items
for the Post-Test Item Sets 2-4.

For purposes of analysis, the Pre-Test and Post-
Test items would be the same for'Item Sets 2-4.
The items of Set 1 can either be completely
deleted from the Post-Test or reduced so that
the Post-Test Item Set 1 consists only of the
items in that set which were missed by most of
the trainees on the pre-testinc.*,

*An alternative procedure is to retain all of the original
items of Set 1 and administer them in the Post-Test. This
option will be, valuable when the subject matter being tested
by Set 1 is dropped completely from the curriculum. In

83
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Since the competence of the trainees'in
the subject material tested under Item
Set 1 was shown to be quite high on the
Pre-Test, these scores will indicate the
level of competence among trainees without
relating these levels to the effects of in-
struction.

The Pre-/Post-Test analysis would be conducted
for each of the Item Sets 2-4 and with the 3
sets combined into a Composite score to assess
the impact of the course of instruction on com-
petence.

b. The open instruction time which results when
subject material in high score areas (i.e.,
Item Set 1) is dropped or given reduced
coverage, can be employed in a coverage
new subject material added to supplement th
original subject content in the areas being
tested by Item Sets 2-4, Then, as was done
with the content of the original curriculum,
objective items would be constructed 'to test
the trainees' competence with the new material.

The original items, together with the new
items would be administered as the Post-Test.
The original items are to be analyzed sep-
arately from the items constructed to cover
the new subject material. Therefore, the
Post-Test item booklet should be constructed
So that- the original items are administered
in their original sequence and the new items
are presented..at the end, listed according
to item set.

Since the new items will be administered
only at the end of instruction, the e can
be no Pre-Test baseline data for th e items.
Thus, the analysis of trainee performance with
the new items would be limited to a fa quenc
count of the total correct ut of the t

this situation, the Item Set 1 woul then serve as a c
trol to determine the changes that cur in responses to
items administered under the Test/Re est design without
the influence of a mediating instruc ional sequence. A
separate statistical testing of the Test/Retest data for
Item Set 1 would de rinine if the score change that occurred
was, or was not,, significant.

los
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number possible on the Post-Test. From this
certain conclusions can be drawn concerning
the competence of the trainees with the new

41 material without, however, the capacity to
relate the levels of competence to a specific
learning experience (which in this case would
be the sequence of instruction).

, The item responses for each of the Item Sets
2-4 would be subjected to the standard Pre-/
Post-Test analysis, both as individual item
sets as well as a combined, composite test.
The results of this analysis would indicate
the effectiveness of the training program in
raising the levels 0-competence among the
trainees.

2

The importance of the Curriculum Audit has been illustrated
in a previous discussion. When revisions in the original
course of instruction are required, the Audit will prove
particularly valuable for monitoring changes in the relation-
ship (i.e., the discrepancy) between the course subject
material and the item content. The original Audit should be
updated with newly constructed items and a detailed assess-
ment conducted to determine the degree to which the items
cover the subject matter they were designed to cover. With
the deletions, additions, and reduced coverage of subject
matter that may occur, it is very important to determine the
degree to which the course content presented is actually
covered by the items comprising the Post-Test instrument o
as to maintain the integrity of the assessment study.

NOTE: The results of the administration of the Pre-Test will
not be the only factor to suggest needed c nge in a proposed,
course of instruction. Another potential so ce of change cab
be found in the structure of the training exp rience.

The training experience should not consist of a series of
instructor's lectures on fixed topics with the trainees as
passive assimilators of relevant information. The instructor
should be as responsive as possible to the specific educational
needs and demands of the trainees.

A responsive educational experience should consist of an
interactive balance amongOctures, recitations, discussions
and question and answer s s ions. The various dontributions
of the trainees can, however, have an effect on the sequence
and content of instruction. That is, discussion and questions
on the part of the trainees may direct the course of instruc-
tion away from the proposed subject area coverage to a more
peripheral, but relevant, topic. (Negative factors such as
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trainee boredom and disinterest may also dictate a change in
subject matter.) Such flexibility in training structure can,
in most cases, enhance the effectiveness of the educational
experience.

When content changes occur they should be noted and assessed
during the Audit and, depending upon the type of revision
made (i.e., deletion, addition and/or reduced coverage of
subject matter), the test instrument and subsequent analyses
procedures should be revised according to the guidelines
provided in this chapter.

)



CHAPTER VII,.

ANALYSIS AND INTERPRETATION OF'RESPON DATA

Considerations

The statistical analysis of testing data can he'conducted
either by manual/mechanical methodg, or by computer, employing
the programs provided in Appendix E. The statistical proce-
dureslopd computations suggested here are not complex and can
be carried out easily, using prestructured Worksheets and a -#

standard desk calculator. It should be emphasized, however,
that hand tabulations and mechanical computations are subject
to numerical errors which often go undetected, and can be time
consuming, especially when the number of trainees or test items
is large.

For those with ready access to computer facilities and person-
nel, a programmed analysis should.be considered. Such an anal-
ysis requires less staff time and inimizes the probability of
computational error. Regardless o the system employed, the
quantitative procedures pomprisin the analysis will be the
same. \\

Overview

This ch ter considers the statistical analysis and interpre-
tive ass ssment of data obtained from the combined pre-/posi-
instructi n administrations of the test instrument. There are
threejev s, or stages, of this analysis, each level deter-
mined by whether the focus is on subject area scores (item set
and compos4e), individual trainee scores, or individual item
responses. The discussion of the analysis process follows
this stepwide progression.

For the stag s involved with assessing the significance of
score changes from Pre- to Post-Test (Stages 1 & 2), several
hypotheses ar presented, derived from a set of questions
which the analysis purportedly will answer. The specific stat-
istical tests appropriate to hypothesis testing in the first
stages, as well. ,as the quantitative procedures employed 4.n later
stages of analysis, are provided here, together with soma basic
analytic assumptions and underlying statistical theory. The
discussion of each stage will be supplemented with procedural
examples employing the Pre-/Post-Test data derived from the
second field application of the methodology, conducted at the national

9 3
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School of Publid ealth in Rennes, France.* The computational
.formulas, statis ical tables and worksheets, and stepwise pro-
cedural guide nes, together with sample results employing the
Rennes data, are presented in Appendix F.

The computer programs are fully documented in Appendix E, and
therefore will not be given extensive discussion in this chap-
ter. However, as each analysis stage is presented, references
to the appropriate programs will,be made. A procedural flow-
chart for a computer-run analysis is given in Figure 9. his
flowchart is provided to indicate the temporal sequence in
which-each of the programs is to be run, as well as to serve
as an illustrative overvie of the analytical design. There-
fore, although developed fo computer purposes, the flowchart
can also serve as a general nalysis plan to guide those employ-
ing non-computer means.

/ /Note on Computer Usage: Idg will be necessary to determine
if a specific computer systen( can accommodate the FORTRAN IV
programs as written or if, changes in the programs will be
required to provide the recommended output. When considering
a computer-run analysis, it is suggested that the programming
requirements described in Appendix E be discussed with person-
nel familiar with the capabilities of the computer system to
be used.

ANALYSIS OF DATA

Application of Statistical Tests for the Significance of;Pre-
to Post-Test Score Increases

General Considerations The primary questions, the solution of
which comprises the first two stages of the analysis, involve
whether or not the Post-Test scores have increased in magni-_
-tudelover-their Pre-Test counterparts (on item sets, both for
the trainees individually and as a group), and whether or not
any of the score increases are statistically significant.

* The score and item_response data illustrated here were
derived from a 113-rtem subject competence assessment
instrumentiadministered under a Test/Retest design to 31
health professionals and paraprofessionals attending a
Seven week training program in Health and Family Protection.
The composite, test was subgrouped into three sets o ,51, 45,
and 17 items. Scoring was on a 1 point per item basis.

9.1



83
FIGURE 9

PROGRAM FLOWCHART FOR COMPUTER AeALYSIS
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These major queries can be translated into a general hypothesisthat in turn can be partitioned into a set of sub-hypotheses.
These are tested by the application of appropriate tests of
statistical significance.

In order to make the discussion of specific statistical tests
more comprehensible to those not familiar with hypothesis test-ing and statistical induction, or inferInce, several important
concepts are introduced here. (Those with experience in theapplication of tests of significance can skip directly to theStage 1 level of analysis, on p. 89.

1 Statistical Inference A set of trainee test scores (on
both Pre- and Post -Test) should be viewed as a sample
drawn from the population of all possible scores that
would be obtained if the same trainees take the.same
test an infinite number of times(assuming that on each
test administration, the trainees knew only what they
knew the first time the test was taken). The mean com-
puted for this hypothetical infinite set of scores is
the population mean. Correspohdingly, for each of the
infinite number of sample scores, of which the actual
scores found are one example, a sample mean can be com-
puted.

4

While any of the sample means can have ,the same value as the
population mean, only-occasionally will this happen.
Chance factors such as variatiohs in the s.uccess of ran-

,' dom guessing Occurring across samples will contribute to-
'differences in;sample means. Consider now the situation
where examinees areadministered the same test instrument
before and immediately after a sequence of instruction.
In all likelihood, whether the instruction had an influ-
"ence. on the Post-Test performances or not, the test scores
for the two administrations would have different means.
The'qugstion to be answered is if the differences in Test
and'Retest score means are attributable to the interven-
ing effects4pf instruction or to chance fluctuations of
ample means about some common population mean.

3-
The application of tests of statistical significance will'
attempt to determine if the observed differences between
Pre-Test and Post-Test score means reflect actual differ-
ences in the levels of subject competence underlying Pre-
Test and Post -Te't performances or simply random score
fluctuations.

The spedific statistical test employed takes random4chance
factors into account. If the test results show that there'is a"low p obability of a difference as large as, or larger
than, the e observed occurring by chance, then the dif-
ference is id to be statistically signficant.

jug
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Depending on the type of research hypothesis that was
set up as an alternative to the null hypothesis, the
rejection of the null hyp6thesip will provide the basis
for inferences concerning the effect of instruction.on
levels of subject matter competence. r

2. The Null and Research Hypotheses The null hypothesis
(Ho) is what is tested by the application of'tysts of
statistical signrrilance. In order 'to determine whether
the Pre- and Post:Test means are.significantly.different
from each other, the strategy employed is to test the
hypothesis that the neans are derived from two random

it

sam es drawrr from the same population.
.

For he first stage of analysis (see p. *89), the null
hypothesis will state that training efforts had no'effect,

on increasing cognition competence. The hypothesis will .

be tested by comparing the Pre- end Post-Test score
means. .

For the second stage (see p. 90), the null hypothesis
states that the individual trainee's level of competence
was not increased as a result of training. (Operation-/
ally, the hypothesis being tested is that thetdistribu-/' -

tion of correct and incorrect responies for each trainee
on each section of the test is independent of the time _
of test administration.)

The research hypothesis (Hl)cis set up as an alternative
to the null hypothesis. It is formulated to prokride for
a definite decision when the null hypothesis is rejected

and is base on some outcome pfedicted by a theory or 'by

the research interests of the investigator (see example

below).

3. Operationalized Hvp theses The null liypb.thetis, as de-
scribed above, will e stated in a .general form: that
instruction produces no effect on levels of subject
matter Competence. n order to'test the hypothesis, it

must be stated in operational form. For example, the
first null hypothesis to be posited for testing is that
the mean Pre-Test scoreis equal to the mean Post-Test
score for Item Set 1 (i.e., Hc;A(T1 =AWR1). The research
hypothesis will be so stated that, if the null hypothesis
is rejectbd, evidence will be provided to support an out-,

come predicted (or desired) by, the investigator:

With the type of analysis to be described here, the di-
rection of the desired mean differences is posited
advance and is important'to the evaluation objectives for

which the statistical tests were initially called into

use. Assuming that all the proper tontrols, discussed
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It can therefore be inferred 'if tne alternative hyo-
thesis is in favor tf Rost-Score gains' that

the sequence of instr.ittion contributed to the magnit.de
of the score differences.

After both tne n.;11 and alternative nypothesis n'ae teen
-posited, the next step is to the probability of
obtaining score differences as great as or greater than:
those observed on the ass.mtpt,loh that the 7.-11 nyixthius

.tr.ie and that whate.c.r tbsc.rvA4 were e to

chance. For Stage 1, tnis probability will be derived
from the application of the_ -Test to tne mean Test and

Retest scores the pi-obability val:ie being the valuesiFf
the comp.lted t-statistic). IO

For Stage.2, the probability »ill be the value of
)(2 s-tatistio compu:ted from tke .application of t:j )(.2

ret to the individual trainee Test/Retest score

The question that now arises is now small a probability
is necessary,nn ordei to consider the score differences

cant' ? - The- probability of a chance occurrence
r .

can be of any magnitude between 0 and 1 (i.e., 0 indicat-
ing that an outcome as discrepant as that observed could
not happen if the null hypothesis were true, and indi-

ing.that in outcome as discrepant would be certain to
on the basis of the null hypothesis). It is there-

f re ne sary for the evaluators to decide upon some

p rticular obability value (called the level of signifi-

cance) which , consider is small enough so that they
will feel confid- in inferring a highly effective train-

- ang sequence at the -vel of subject matter competence)
when the computed probab -ity is less than this selected

value. The'decision as to which particular probability
value to employ will be somewhat arbitrary and can vary
from one evaluator to the next.

One evaluator may feel that if the observed Test/Retest

score differences would occur'by chance with a probabi-
lity of 1 in 10,-then he is justified in inferring that

the training ins effective. Another ilight accept only a.
probability as low as 1 id.20 in order that the score
differences be accepted as sigmificant. Still another

may only.accept a probabilit low as 1 in 100; and
some may require a.probabil. y low as 1 in 1000.

la
The position taken in this Marival is that instruction
should have a strong impact on post-competence levels, in
terms of large increases in Post-Test scores before such

data can serve as evidence of training effectiveness.
Therefore, the minimum standards for a statistical judg-

ment.should be as follows:
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STAGE 1: SUBJECT AREA SCORES

The first area of analysis is the Pre-/Post-Test performance
of the total trainee group on the test as a whole and on item

isets. The assumption underlying tnis stage of analysis s

that significant increases in levels of competence among

trainees as a result of training should first tmanifest them-

selves as significant increases in Post-Test scores over
Pre-Test scores, for individual item sets and the composite

test. The logical question to pose at this stage then is

whether or not the increased competence involves all sub:ect
matter covered during the course, or only selected areas.

The analysis question is whether or not the item set and

composite Post-Test scores show statisticany significant
increases aver their Pre-Test counterparts. Since in a Pre-/
Post-Test situation there may be factors' other than the

effects of instruction that could cause score increases
(such as random Score fluctuations), it is necessary to . .

apply a selected statisticaltest to determine the signifi-
cance of any observed score increases.

Consider, for example', the test scores illustrated in Figure

10. As, can be observed, all subject area'scores show positive

mean score gains. Whether or not these gaiAs represent 'signi-

ficant score increases or simply a .function of chance factors

can be determ4ed by the application of the appropriate test

for statistical significance.

Fiaure 10

MEAN PRE-/POST-TEST SCORES FOR ITEM SETS 'AND COMPOSITE TEST

Sub]ect Area Pre-Test Post-Test % Gain
fMamairn

Po:m;ible Score

4
Item Set 1 23.77 35.06 47.4 51

Item Set 2 23.87 30.94 29.6 45

'Item Set 3 6.74 9.13 35.4 17

Composite 59.39 75.13 38.1 '113'
A

The statistical test selected for this level of analysis is
the t-Test for Related Variables.

(A variation of the standard t-Test is included in Appendix

F. It was designed by Dr..David Wolfers, of the Institute

1 0 ,
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in tne ara:ys:s. owever, _s _-s: - te: -It- t-e _-tet1:-
-n at tnsse experie-oe c_. -

__

score ta"ta a-t assess = -e- a-t

J. -inc.. - Ler,.

1vie ::s -- A:pr-
1" :

The ssre ns
(see Figire 5 w:11 prsvide tne rata tn:s sta7e sf
ana:ys15. aA-^ x^,

the hypctnes:s ts ce _es-_- :s tnat tne Fre-Tes: :tea:
equal to the Post-7est nean. Tnis se -Pc--`c.', eat:

case. agaantt a alternat..ve ::ate --ne ::s - -es-
sic

:tea: :s

significantly greeter tnan the Pre-Test nee-.

The computational formaias fcr stantart t-.77e_: ant tne
criteria for saghificence, oo.7etner sat- -e r-n, are
given in Appendix F.

When all t-testing has zeen com7",=.-c.', -ne ---isisns no-ld
be recorded on an Analysis Samnary Profil,e ,see Figur 13

for use in subseqaent reporting of tne assessment.

** PROGRAMS TDEKMERG 6 TRELVAP APE USED FOR THIS STAGE OF THE
.ANALYSIS (see Appendix E)**

STAGE 2: INDIVIDUAL TRAINEE SCORES

When the objective is to determine if individual trainees
have increased their levels of competence from the pre- to
the post-training period, the statistical procedure employed
is the Ch-i Square Test of Independence. This test is applied
to item set and composite score pairs for each trainee. The
score data can be expressed in a 2 X 2 Contingency Table. An
example of this type of table, containing the Pre- and Post-
Composite scores for trainee e01 (see Figunall), is shown
below. (The computational formula and criteria for signifi-
cance for the Chi Square Test, using data frOM the Table are
provided in Appendix F.)

iU,)
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repe4tdrt:, each &et
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7:-:-sit-ns significant
rec:rted with the other data
e,sneet .Fig-are :2 .

** PROGRAM TE:**2 ZS 7SED FOR TH:S .S7ASE OF DATA AKA:1.111S.

!see Appendix E**
li

I

STAGE 3: IT RESPONSE PA TERNS

The first two stages of analysis involve the application of
statistical procedures for determining the significance

Test to Retest score changes by sab:ect area and for individ-

ual trainees. The objective of the final stage is-to isolate

the factors which contrikuted to these changes. The data ,

mutt be analyzed item-by-Titem, categorizing each item accord-

ing tc# the type of response pattern that occurred from Test

4t6 Retest. 'There are four possible patterns:

(1) Correct in both Pre-Test and Post-Tst (C-)C);

(2) Incorrect in both Pre-Test and Post-Test (I-+I);

(3) Correct in Pre-Test and Incorrect in Post-Test

(C-4I);
(4) Incorrect in Pre-Test and Correct in Post-Test

(I -+C).

Categories 1 and 2 are "stable" item response patterns. C -+C

items may have involved subject material that trainees were

406
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Fc-pa_ dless : f t e . - : - - - :ect a: ea
-id-al tra;.nee s:::es, t-e of represe:ts tre

greater t-e Fost-7est t-ar tne 1:re-Test, tre
items t-e ne:-s_re trc. magnit.:de of tr.c.
ins:ease $-:ast ratter somzete-sc.. 7-_s mc.as_re ins . sates

as. ree:t
of a-d tr_s, ar in: _ sato: of t!-e training prs-
grams ItE primary :::estd.ves.

Tne overall magn -= ---,A. -A -e

_ters. Wnile tnis type of pattern does oss_r in :est-Retest
1. e AmTF,-r rm.= while the

sn:ft,sar pe sonsidered a measure sf :earning, it car not
° be ass_med tra snanges represent "-nlearning. soe.
ass _ "- -s :a-, Pe made nf,-wever. :t :s possible tnat tne pre-
ss:rest respor.ses res _ ited from blind-guessiitg s: naive reason-
ing ratner tar from t_-..e oompetense w:_.. tne s±:ect material.
7ne C-*: items may:contain ar irregularities in
struct,:re sr content. W'nen faulty items are included in a test,
variations in response to these items from one testing to the
n&:t are nigtly probable. The new learning acquired daring
tiraining may produce confusion, especially on faulty ItPms.
That is, attempts to apply new information to the questions or
problems posed by the post-Test items may result in a greater

'number of incorrect responses than would be obtained by, guess-
ing, with little or no understanding, of the subject material.
The c---)r pattern can be the result of the common problem asso-
ciated with objective-type items, of "knowning too much," to
respond correctly or of over-analysis of items of questionable
structure and intent.

In order to conduct an adequate a,Qalysis of item response pat-
terns, the item response data shoOld be displayed in tabular
form flor each item set and the composite test. The types of
tables required are those shown in Figures 11 and 12. The
data in thtse tables are tabulations of the Test-Retest re-
spo es of the 31 trainees-to the 51 items of Set 1. (While
the scussion of the analysis will center on one item subset,
the roceduies involved are the same for all item sets and the
co site test.)

To 'construct such a table, work with the respohses on the

i
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TIGURE

ITEM R4S POSSE PATTERNS
BY IBOIVIDOAL ?RAMER.

rrzot s70 1,

PRE - 4 RDST

PP/TUGS

(2)

TOTAL

ISOORREOT
PRE POST

Proqrz= 1 (11/73-12/73)

PRE--2+ POST
TOTAL
ITEMS
(1 +2)

17%

(1)

TOTAL
CORRECT

PRE POST
C-->C C--,I I --> I I --> C

1 28 34 24 4 23 17 13 10 51

2 30 42 26 4 21 9 -5 16 51

3 13 19 6 7 38 32 25 13 51

4 26 43 25 1 25 8 7 18 51

23 36 19 4 28 15 11 17 51

29 37 28 1 22 14 13 9 51

7 33 33 28 5 18 18 13 5 51

8 23 31 16 7, 20 20 13 15 51

9 28 32 22 6 23 19 13 10 51

10 29 34 25 4 22 17 13 9 51

11 25 34 21 4 26 17 13 13 51

12 13 29 12 1

di

38 22 21 17 51

13 18 35 15 3 33 16 13 20 51

14 22 35 17 5 29" 16 11 18 51

15 24 36 20 4 27 15 11 16 51

16 16 36 11 5 35 15 10 25 51

17 31 41 30 1 20 10 9q , 11 51

18 2C 36 17 3 31 15 12 19 51

19 19 36 16 3 32 15 12 20 51

20 21 41 20 1 30 10 9 21 51

21 29 37 25 4 22 14 10 12 51

22 8 31 5 3 43, 20 17 26 51

23 27 35 22 5 24 16 11 13 51

24 29 36 23 6 22 15 9 13 51

25 28 38 26 2 23 13 11 12 51

26 21 38 21 2 28 13 11 17 51

27 27 29. 15 12 24 22 10 14 51

28 29 39 25 4 22 12 8 14 51

29 18 38 16 2 33 13 11 22 51

30 22 35 6 29 16 10 19 51

31 26 3).7 23 3 25 20 17 8 51

TOTAL: 737 1087 615 122 844 494 372 472 1581

46.6% -- -- -- --53.4% ..
dig:ai

__ __ - _ -)10a%
-31,2,c - 1 - - -- - -- -- - - . no%

100%4. 83.4% ---16.6% 100%4 -----4:4.1%---55.9%

10;)
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original Test and Retest answer sheet. Transferring the data
from the answer sheets to the final table can be facilitated ,

by means of an item response worksheet. A section of the work-
sheet used to construct the tables in Figures 11 and 12 as well
as the steps im:Tblved in constrcuting these tables from the
worksheet are fully described in Appendix F.

It should be stated at this point that although the data used
are quantitative, the analysis of item pattern responses is
essentially qualitative and subjective in nature. It results
in tentative assumptions rather than substantiated conclusions
derived from rigid statistical testing.

In order to illustrate howethe analysis should be conducted,
an actual situation is described. The following is a summary
of the analysis conducted on the data in Figure 11. In this
situation, application of tests of statistical significance
found that the Post-Test scores displayed significant gains
over their Pre-Test counterparts. An item response pattern
analysis was conducted in an attempt to isolate the factors
which may have contributed to this significance.

The percentage of total test items having correct Pre-,
Test responses is 46.6% with 53.4% being incorrect
.pre -Test items. Pre- to Post-Test response patterns
were analyzed by comparing changes occurring among
pre-correct items with those pre-incorrect.

83.4% of the pre-correct items were also correct on
the Post-Test, compared with 44.1% of the pre-incorrect
items that were also incorrect on the Post-Test. This
shows agreater degree of response stability for the
pre-correct than for the pre-incorre from Test to
Retest. That is, the number of pre-inc orect items .

that change from Test to Retest is greater than those
initially correct.

f
The percentage of total pre-incorrect responses that
became correct on the Post-Test is 55.9% which repre-
sents the total amount of Pre- to Post-Test Score
increase. This increase is reduced, however, by a

, downward shift of 16.6% of the total pre-correct to
'post-incorrect responses.*

.,4

dio

* The influence of these opposing patterns on relative Test/
Retest score change can best be illustrated by considering
an individual case (see Figure 11). For example, on Item
Set 1 trainee No. 1 displays Pre- and Post-Test scores of
28 and 34, respectively. The score gain of 6 is the result
of two opposing patterns of Test to Retest item response
shift. The number of I-)C items is 10 and the number of
C-*I items is, 4; from this the net score increased is cal-
culated as 6 --'i.e., 10-4.)

1



This C-4I shift is probably to a large extent some
type of testing artifact which had a negative effect on
overall trainee performance on.Item Set 1. While the
available data do not permit a determination of the
cause(s) of this,artifact, the fact remains that it

does reduce the overall score gain in Item Set 1 to

a certain degree. The'net increase in Post-Test
scores was of sufficient magnitude, however; to prove
significant when subjected to statistical teting.

'95

Such an analysis shoul e conducted for each item set and the

composite test. In to .f the data provided, the breakdown
of Pre- toPost-Test response behavior 'nto discrete response
pattern categories w 1 be relevant the assessment-of-
training study being proposed. T4 analysis of item patterns ,1

provides not only a quantitatiye indicator of the amount of

learning that has occurred from thelpre- to post-instruction
period (i.e., the magnitude of the I-4C shift), but also data

,
concerning those,factors which contribute, both positively and

negatively, to, the net score 'gains, and that portion of re-

sponse behavior where no Test to Retest change occurred.

An item seeand composite response pattern Analysis is even
more relevant when the Post-Test scores fail to display signi-
ficant *ncreases over their Pre-Test counterparts. In this

situati n, the analysis would attempt to isolate those item

respons factors which contributed to the lack of significant

ecore i crease. The assumption underlying the analysis in

this case is that non-significance of sOore gain may be the

result of negative factors related to tdst performance and not

only to the failure of the trainees to increase their levels

of subject competence between the pre-/and post-instruction

periods.

In addition to the distribution of response patterns for to 1

it item groups, the data in that same table (in Figure .11) provide

,
item response patterns for.each individual trainee. An analysis

of the relative contribution ot each response pattern to the
trainee's post-scores will, like the analysis of item groups,

help isolate those test factors that contributed to the train=

ee's achievement of (or failure to achieve). significant score gains.

Test/Retest item response patterns can also be assessed by

individual item. A table of response patterns generated for

each of the 51 items of Set 1 is illustrated in Figure 12.

For each item, comparisons of the frequencies in each response

pattern category will indicate the relative contribution of
that item,to the Pre- to Post-Test score. change. Again, since

the focus is dki.score increases, the item patterns involving

change (I-4C and C-0I) would be examined. Those items contri-

buting most to the Post -Test score increase will be those with ,

the highest frIlieency of response change in the I-4C category.

For example, Item No. 27 (with C-4I and I-4C frequencies of

lb
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USING THE ANALYSIS RESULTS: EVALUATING TRAINING

The final results of the statistical analysis of score data

(stages 1 and 2) should be recorded on an analysis summary

table of the type shown in Figure 13*. In this the staff

will have (all on one form) the score distributions with their

respective means antlistandard deviations together with a sum-

mary of results from the application of tests of,significance
to the trainee group as well as individual traiiiae Test/Retest

scores. The score data is grouped by separateem subsets

(e.g., Item Sets 1-) as well as by total (composite) test.
These data, when combined with the results of the response pat-,

tern anal' sis and Curriculum Audit provide a comprehensive
profile of a trainee group's performance in a pre-/post-

instruction testing situation. (NOTE: When data have been

analyzed by trainee subgroup, the score data for each grouping

should be presented separately to facilitate inter-group
comparisons -- either on the same or, when the number of train-

ees is large, brA separate summary sheets.)

Valid inferences concerning training effectivenesj,and trainee

achievement in the area of subject matter competence can be

drawn from this body of data if the test instrument which
genera'ted these data was constructed according to the struc-

tured guidelines provided. In addition, certain technical
factors relating to statistical testing and achievement crite=

ria, when taken into consideration, increase the confidence

with which such inferences can be drawn.

Statistical Test Results When interpreting the results of

repeated 1pplication of tests of significance to the_tem

group and individual trainee score gains, only a large number

of "significant" differences should he accepted as prov4ing
evidence for the effectiveness of training. This is dp4 to

the fact that when a large number of statistical tests is
applied to a body of scoLo data, a sma1,1number of significant

results can be expected to occur by chanee alone.** One or a

few marginally "significant' results (from a large number of

test applications) can, therefore, be misleading, but the con-

sistency of a large number of "significant" differences can

serve as a valid indication Of thd positive impact of instruc-

tion on levels of subject,competence. Therefore, even when

"ns" in cates non-significant score gains while p (.05 and
4

p <.01 indicate score increases found to be statistically
significant at or beyond the 5% and 1% levels, respectively.

** Both Kish (lb) and Selvin11) discuss this factor in their

assessment of the applicatiori.and misuse of tests of signi-

ficance in research; computational formulas are provided for

estimating the number of significant results to be expected

by chance when X number of statistical tests are applied:
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the item set and composite scores are found to be significant,
}the total number of "significant" Test/Retest score differences
within item groups must be considered and weighed as evidence.
For example, in Figure 13, the large number of significant
decisions among trainees for Item Set 1 (i.e., 16 out of,21)
and the composite test (23 out of provides a strong indi-
cation of the positive impact of instruction on competence,
both/with the subject matter sampled by Set 1 and with the
overall subject matter. However, only 6 of the 31 trainees
displayed significant score gains in Set 2 and none was dis-6
played in Set 3. Given the high significance of the mean g'apre
gains in these two areas (i.e., 134(.01), the small _number of .

within-set "significant" decisions indicates that the training
was less effective in raising levels of competence in these two,.
areas than with the Set 1 material and the overall material.
Reporting (in the final write-up) both the overall results of
testing for the item sets and composite together with number of
"significant" results out of total tests applied within item
groups will allow a more adequate and reliable assessment of
training effectiveness in general and will allow the evaluators
to assess the relative effectiveness of training by subject
areas and by individual trainees within subject areas.

One final consideration regarding statistical test results:
although both the 5% and 1% levels are suggested here as accept-
able significance levels when assessing score gain, the training
staff might want ta consider only the,more substantial score
gains as providing evidence of training effectiveness. In
such cases, the staff might only accept as evidence those score
gains significant at the 1% level or higher (e.g., the .005 or
.001 levels). The higher the level of significance for a par-
ticular Test/Retest score gain, the more confident will be the
inferences drawn concerning the impact of instruction in .affect-
ing compe-tence levels. (The reader can set significance Levels
different from those suggested here and obtain the sampling
distributions for these levels -- like those provided in Figure
F2 for the 5% and 1% levels from any standard statistics
text.)

Criteria of Achievement Another technical factor that must be
considered when interpreting the testing results is establish-
ing criteria of achievement, i.e., defining standards of what,
constitutes high competence in a particular subject matter
area.

It will not usually be possible for a training staff to set
meaningful, pre-determined score values which the trainees must
attain or exceed in order to be considered highly competent in
one or another subject area. The reason for this lies with the
nature of the subject matter covered during instruction. Acapi-

ing to Ebel (12),
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"Cours ontent is usually selected on the basis of subjec
tive decisiohs, often by individual instructors. As such,

it hardly possesses the characteristics of an absdlute stan-

dard of achievement. Nor is it ordinarily possible for the
constructor of an objective test to gauge the difficulty of
his items,..erecisely enough to define a fixed standard of
achievement withrespect to that content."

.If it is not possible to set meaningful cut-off scores for
...,

determining high competence in the

must

pos -instruction period,
another indicator, or set of indicators of training effective-

ness ust be employed. .

The first indicator to consider is the results of the applica-

tion of tests of statistical significance. However, even when

there are highly significant Pre- to Post-Test score increases,

these mayor may not be acceptable to the staff as an indica-

tion of training effectiveness. Consider, for example, a test

with a maximum score of 100. A mean composite score increase
(all trainees) from a Pie-Test of 20 to '45 on the Bost-Test is

found to be statistically significant. Given the significant
finding, the training staff is faced with the task of assessing

how effective the training sequence was (and how competent the
trainees are) when an average of 55% (i.e., 100-45) of the
subject material sampled by the test items was not learned.

In this situation, the significance of the score gain is not
sufficient evidence for any definitive evaluative decision.
This, combined with the usual absence of established criteria
against which trainees' scores can be compared, makesit neces-

sary to carry out a further assessment of testing results.

Level and Magnitude of Score Movement

Along with the magnitude of the Pre- to Post-Test score move-
ment, the level at which that movement occurs must also be con-

sidered when drawing inferences concerning training effective-

ness. That is, trainees may be distinguished according to
subject competence reflected by the magnitude of the Post-Test

scores and/or their achievement which reflects their performance

on the the Post-Test compared with their performance on the

Pre-Nest. Training administrators and the tr nee supervisors

(i the post-training job/Situation) will b interested in both

th se paramete;

The amount of competence a train displays will be of obvious

interest to those who are respo ible for placing him in a job

k or assigning him job duties. e training adminiAtrators will

also be interested in seeing that 1the trainees demonstrate high

levels of competence, as indicative of the effectiveness of

their training efforts.

I

"Th
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The amount of achievement displayed, however, is also an impor-

tant piece of information for all concerned. To take an obvious
case: if two trainees complete a training sequenCe with Post-
Test scores of 90%, it can be atsumed that they are, more or
less, equally competent with the subject matter being assessed.
However, if one of these trainees started out with a Pre-Test
score of 40% and the other with a PrekTest score of 85%, the
large amount -of achievement demonstrated by the first trainee
may be said to show: a) that the sequence of instruction was
hrighly effective in increasing his subject matter competence
and b) that he'has a great capacity for self-improvement,
which could,be an important qualitw to take into account when
deciding what job to assign him.

In addition'to the amount of achievement (i.e., the magnitude
of the Pre- to Post-Test score movement), the level at which
the score movement /ekes place within the possible range of
score change will be of importance. In,order to consider both
parameters of achievement, it is recommended that an additional

1 score be computed for all groups, subgroups and individual ele-
ments; that is, for the entire trainee group, for the total
item group, for trainee and item subgroups and for individual
trainees and items. Such a score would consist of the sum of
a competence score (i.e., the Post-Test score) and an achieve-
ment score (i.e., the Post-Test score minus the Pre-Test score).

.
Giving both scores equal weight in computing the new combined'
score allows for a trainee who has made a great score gain to
show well in.the overall picture, even if his final competerice
score may be somewhat lower than that of another trainee. 0

A sample set o cOmbineocores of the type described above is
displayed i gure 14. In the sample, the combined Achieve-
ment/Compe nce"scores (A+C) are grpuped from highest (190) to
lowest (30) by intervals of 10 Wore units. It should be noted
that the listing is not exhaustive of all pbssible combinations
of competence scores and achievement scores,, but dnly a small
sample of possible combinations that serves to illustrate the
necessity of considering not only the magnitude of the score
increase but also the level at Ohich the increase occurred.

As can be seen, the highest possible A+C score is 190, based on
a Test score of 10 and a perfect Retest score of 100 while the

lowest score possible is 3Qt based on Test and Retest scores oft, ,

10 and 20, respebtively4*

* Actually the highest A+C score possible is 200 based on a
Test score of 0 and Retest score of 100 (where C = 100 &
A = 10Q) and the lowest possible. is 0 where the Test an
Retest scores are both 0. For purposes of illustration
however, not all possible A+C shores are necessary.
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FIGURE 14

ACHIEVEMENT/COMPETENCE SCORES (&NWEIGHTED)

Highest to lowest pOsstble, intervals of 10 points:
II

Pre -4 Post = A+C
.c

.

10 -4-100 = 190 20 -4 60 = 100
4o, 4 70 = 100

20 --1,O.100 = 180 60 -4 80 = 100
80- -* 90 = 100

10.-4 90 -=' 170 N.)
30 -4 100 = 170 10 50 = 90 `.

ao 60
e

=.:,90

20 -4 90 = 160 50 70 --Ir 90

40 -5100 = 160 70 -8p = 90

10 -4 80 = 150 20 50 . = 80

30 -4 90 = 150 40 60 = 80

50 -4 100
.,

= 150 60 70 = 80
v

20 -* 80 = 140 10 -5 50 = 70

40 -5 90 = 140 50 -4. 60 = 70

60 -5 100 = 140
20 -5 40 = 60

lO 70 = 130 40 -4 50 = 60

50-5 90 =130
70 -5 100 = 130 10 -4 30 = 50

30 -4 A0 = 50

20 -5 70 = 120
40 -+ 80 '= 120 20 -4 30 = 40

60 -5 90 F 120
80 -4,100 = 120 10 20 = 30

10-5 60 = 110
30 -4 70 = 110
50 -4 80 = L10
70 --1 90 = 110
90 -4 100 = 110

11

.
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What does the A+C score tell the evaluator? It is quite clear
that upper scores (140-190) reflect both a high degree of com-
petence as well as a high degree of achievement. One could
infer from these data a highly effective training program.
That is, the\trainees started off with very low Pre-Test scores
and displayed large score gains (i.e., high achievement) with
a resulting high Post-Test score (i.e., high competence). Sim-
ilarly, low A+C scores (i.e., 30-60) indicate a situation where
trainees began with low Pre-Test s..res, made low to moderate
score gains, and completed a sequ ce of instruction with rela-
tively low levels of competence the subject area under assess-
ment. The need to revise the cu iculum would be indicated on
the basis of these low A+C score

Consider, however, the combinati.ns of Test and Retest
scores which provide an A+C sco. of 110. (Refer to the data
in Figure 14.) As can be seen, both a low Pre-Test score of
10 and a high Pre-Test score o 70 can result in an A+C score
of 110. Here, a low Pre-Tes level of 10 combined with a
moderately large score gain .f 50, and a high Pre-Test level
of 70 coupled with a relati ely low gain of 20 result in the
same A+C score. It is cle from the data that the first score
situation (i.e., 10'60) isplays a greater magnitude of
achievement than the sec d situation (i.e., 70'90). However,
the 70-490 score Chang_ reflects a higher leve' of post-training
competence than does t 10-460 change. What inferences can
be drawn concerning t impact of the training experience based
upon thes two testin situations? It would seem that one can-
not readily draw any definite conclusions.

Since competence a d achievement are given equal weight, it
cannot be readily determined which of the two score situations
represents the I.re effective training experience. Such con-
clusions will based upon the criterion for effectiveness
selected by t.e evaluator(s). That is, if the highest level
of competent attained is the effectiveness criterion, then the
second tes ng situation (i.e., 70'99) will reflect a more
effective, raining sequence than the 10--!60 situation.

However if the effectiveness criterion is the magnitude of
achiev ment, than a different picture emerges. In this case,
the f st score situation (10'60) displays a greater degree
of a. ievement.than the 70'90) situation,. Based upon the
ach'evement criterion, then, the first score,situation reflects
a Ore effective training sequence than the second.

Aoce competence and achievement are afforded equal weight in
//Computing the A+C scores, the evaluator might decide to consider
/ any combination of achievement and competence scores resulting
in similar A+C scores as reflecting equal, levels of effective-
ness (or ineffectiveness, as the case may be). Based upon this

e
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reasoning, the scores situations 10.-460, 30-470, 50-4.80,

70-4,90 and 90-0100, since they, all'have an A+C score of

110, would be considered by the evaluator as equal levels

of training effectiveness.

The use of unweighted A+C scores of the type described above

is based upon the assumption that equal gains of rasa -score

points (anywhere along the entire range of potential scores)

represent equal increments in competence or achievement.
This means, for example, that it is as difficult to increase
a Pre-Test score from 20-440 on the Post-Test as it is to
increase a score from 60--48Q, both of which involve equal
increments of 20 raw-score points.

If evaluators are willing to accept this assumption, then
the use of unweighted A+C scores can be used to draw infer-

ences concerning training effectiveness and trainee achieve-

ment.

However, the strong possibility exists that the difficulty
in increasing a score a certain number of raw-points varies
at different levels along the range of possible scores.
That is, equal gains of score points may not correspond to

equal increments in competence (or achievement) at all points

along the score range. Some evidence to support this con-
tention is provided by Diederich (13) in an article describ-

ing the results of Pre- and Post-Tests given to 1,400 college

students. In a discussion of the difficulty in translating
gains of raw-score points into increments of ability (or
achievement), he states that "it is'horder to get from the

mean (score) up to plus one standard4eviation than it is

to get from minus one'standard deviation up to the mean."
(Of course, this finding cannot be generalized to all test
situations, with a high degree of confidence, without fur-

ther study.)

If the evaluators accept this assumption as true in their
particular testing situation, then it is necessa;yhen
deriving the A+C scores to use weighted values.,k-That is,

the scores should be weighted to reflect the assumption
that as you increase the Pre-Test score level, it becomes
increasingly difficult to increase that score (on the Post-

Test) by X number of raw-score points. For example, the
weighted A+C score will show that it is more difficult to
increase a pre-score of 50 to a post-score of 70 than it

is to raise a pre-score of 30 to a post-score of 50.

The relatively higherlevel of achievement attained in increasing

113
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a score from, say, 50 to 70 compared to that of increasing a
score from 30 to 50 will also be reflected by the weighted A+C
scores.

The weighted A+C score curves of Figure 15 and the table in
Figure 15A displaying both Test and ttetest scores and the
derived weighted A+C values will serve to illustrate the use
of the weighted score in the assessment of the effectiveness
of a sequence of training. (The mathematical equation and the
parameter values employed in generating the series of curves
from which the A+C score values are derived are provided in
APPENDIX G*.)

The A+C curves and the Test, Retest and weighted A+C score
values are, like theunweighted score data in Figure 14, for
illustrative purposes and represent only a small sample of
possible score curves And combin ions of score values that
would result from a large numb of Test/Retest administrations
of the same instrument.

Before discussing how the weighted scores might be employed in
the assessment process, the procedure for deriving the weighted
values for any Series of Test and Retest scores will be con-
sidered, using the data in Figures 15 and 15A.

The weighted A+C score values for a specific set of Pre- and
Post-Tet scores can be obtained from the score curves in the
following manner:

Consi er the case in which the Pre-Test score (Test)
is 10 end the Post-Test score (Retest) is 20. Locate
the T st score value along the vertical axis and the
Retest score along the horizontal axis. The point on
the graph at which these two values intersect -- the
coordinates labelled (10, 20) in Figure 15 -- defines
the A+C sore value. In this case the A+C score asso-
ciated Iiith those coordinates is 10 since the A+C curve
that passes through coordinates (10, 20).is 10 (the
citcledirinumbers next to each of the curves are the
weighted score values),

In cases where the A+C curve does not pass directly
through the intersection of a pair of Test/Retbst
coordinates, the A+C value for those coordinates can
be obtained by interpolating between two adjacent score

* The mathematical equation and the resulting family of
weighted A+C score curves were developed by Dr. David
Worfers of the Institute staff specifically for use in
this Manual.

1



I. ,: IT 

1111 MEE 
NM= WANE WHEMEIMMENt 

k ffir MEM 

se A 



FIGURE 15(A)

WEIGHTED ACHIEVEMENT/COMPETENCE SCORES*

.

Grouped according

Pre+ Post = weighted

10 Points

to"amount of achievement

A+C Score

20 Points

(10 point intervals):

30 Points

10 -4 20 = 10 10-4 30= 24 10 -4 40 = 31
20 -4 30 = 19 20 -4 40 = 20 20 -4 50 = 32

30 40 = 12 30 -4 5g = 22 30 -4 60 = 33
40 -4 50 = 12 40 -4 60 = 25 40 -4, 70 = 36
50 -3 60 = 13' 50 -4 70 = 28 50 -4 80 = 40.
60 -14 70 = 14 60 -4 80 = 32 6,0 90 = 56

.70 -4 80 =18 70 -4 90 = 49 70 -4 100 = 59

80 -4 90 = 30 80--4 100 = 55
90 -4 100 = 50

40 Points 50 Points 60 Points

10 50 = 41 10 -4 60 = 50 10 --4 70 = 61
20 -4 60 = 42 20 70 = 53 -20 -4 80 = 62

30 -4 70 = 44 30 -4 80 = 56 30 90 = 66

40 -4 80 = 47 4U-4-1'90 = 66 40 -4 100 = 75
5g74 90 =
6 -4 100 = 65 /

50 -4 100 = 69

70 Points q 80 Points 90 Points

10 -4 80 = 71 10 90 = 81 ..10 -4 100 = 90+
20 -4 90 = 74 20- -4 100 = 89
30 -4 100 = 79

* See Appendix G for derivation formula.

(2,
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oympaied to a lower A-C value. The relatively higher level of
du.ffimulty can be the basis for inferences of higher levels of
effectiveness. Such inferences will hold whether the Test/
Detest comparisons are being made between:

1) item sets
2, individual trainees
3) trainee subgroups
4 4."*'4"... --ramming sequences !provided that the same

test in is administered to bottf groups of
trainees

:t should ^e .fear from tne above discussion that it is neces-
sar to consider not only the statistic%lasignificance of the
7esdRetest score gains that occar but also the levels at which,
tnose gains occur wner drawing interences concerning the impact:
of toe training experience on leyels of subject matter compe-
tenoe.

NC.71.:: Whether weighted or unweighted scores are more valid--,-
incioators of levels of achievementi(when raising scores from
various ?re -Test levels, cannot, at this time, be determined
for each situation in which a test instrument is administered
under a 7cst:Retest design. At the risk of complicating mat
further, it needs to be stated that very little is known con-
cerning comparative 4,",culty at different levels along a
score range. Cne can hypothesize a difficulty curve in the
form of a parabola reflecting the extreme difficulty in raisin
a score at both the lower and upper ends of the score range,
witn the mid-range oeing the area where score increases are
easiest to effect. This question is being studied by analysi
of a series of test data. For example, it is interesting to
note that in Figure 13, trainees with Pre-Test scores below
5: gained an average of 26.- raw percentage points compared
witn an average of only 18.6 among those whose 'Pre-Test score
were 5: or higher. However, any definitive co elusions con-
cerning score level and difficulty will have t await more
extensive research in this area. Thus, the di cussion of
weigtted and unweigtted stores, even tAugh t re is evidence
cited for the validity of the former, was ores nted to provid
possible approaches to the assessment of level and magnitude
of score change. While the approaches employe may differ, t e
impc1tant point is that the interaction of the level of score
change and the magnitude of that change be co idered an inte
gral part of the analysis of training effects ness. Collective
experience in training evaluation of the type escribed in this
Manual mar well show that the use of the Achi Dement /Competence
score ,especially when weighted) is an import t refinement of
testing methodology.

12 i
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In terms of standards for trainee post-instruction competence,
however, the basic criterion will not be (as with the case of

assessing training impact) their Test/Retest score changes.
The ultimate indicator of levels of competence will be the
Post-Test scores. A trainee who ,.begins with a Pre-Test score
of 10% and obtains a Post-Test score of 75% may have learned
more (attained a higher level of achievement) and have demon-
strated higher motivation and other desirable qualities than

one who shows an increase from 75 to 90%. But the 901 score
must still stand as an indicator of a higher level of post-
instruction competence. From \he ,point of view of the super-
visor who will assign the trainee t(:) a specific job in the
post-training period, the higher level of competence attained
by the second trainee may be more'important than the amount
of achievement displayed by the first trainee. However, the
selection of one trainee over another is a job specific deci-
sion that would have to be made by supervisors considering_
both the requirements of the job and the qualifications of the

_trainees being considered. It is, therefore, important that
the maximum amount of assessment data for each individual he
made available in the post-instruction period.
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Summary

The tAbles provided in Figures 16 and 16A are designed to pro-
vide summary info&ation about the test instrlynt, the train-
ing, and the trai4kees. They illustrate what tb/e test instru-
ment will show when the analysis has been completed.

1. Part I (Table 16) The figures entered in column A
(Pre-Test Level) are the total percent of items answered
correctly on the. total test and on subsets of items; and for
individual items, the percent of times they were answered
correctly. (For example, if a test of 100 items was taken
by 50 trainees, there is a potential of 5,000 correct answers.
The percentage of those 5,000 which were actually correct on
the Pre-Test is the .number that is entered at the top of this
column in the row labeled "Total Subject Matter".) Comparable
entries apply to the Subset rows. For individual items, how-
ever, the percentage of trainees who answered each one correctly
is entered-lower in this same column.

The vahiet in column A have been given the caption of "Diffi-
culty', on the assumption that the easier items and subsets are
answered correctly more often.

The figures entered in column B of Table 16 contain similar
information about t27,4aPot the percent of items answered
correctly on the total test and item subsets; and for indi-
vidual items, the percent of times they were answered correctly.

The di ference between the Pre-Test and Post-Test score levels
is ent red in column C (Amount of Change). The column values
refle the effectiveness of the training sequence -- how much 01
the s ject material has been transmitted to the trainees.

Column D (Direction of Change) is divided into four parts,
showing the direction of the change between Pre- and Post-Test.
It shows what % of total test subsets and individual items
remained correct or incorrect on both tests, which went from
incorrect to correct, and which went from correct to incorrect.
This tells something about the quality and consistency of the
test material.

2. Part II (Table 16A) In this part, column A contains
the mean Pre-Test scores of the total trainee group and of
trainee subgroups, and the scores of the individual trainees
on the Pre-Test. This column represents how prepared the
trainees were at the beginning of training (i.e., how competent
they already were with the subject material to be covered).

126
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The mean score of tide total tra2,a14u'group and trainee sub-
groups, and individTa/ Cralnee scores on the Post-Test are
entered in column B. These figures show the amount oecompe-
tence displayed by trainees at the end of the course, collec-
tively and individually.

The differences between the scores on Pre- and Post-Tests are
given in colump C of Part II. This shows the amount of
achievement the trainees displayed -- how much they learned
during the training.

The Amount and Level of Change. In Part II of the table,
column D shows the amount and level of the change from Pre-
to Post-Test scores, as represented by a score value derived
from the curves like those shown in Figure 15A. This repre-
sents the amount of competence and achievement displayed by
trainees.

Note: Part I of the table can be repeated for trainee subgroups,
;72--even for individual trainees, if such detail is deemed
useful. Similarly, Part 2 of the table can be repeated for
each subject subset, and for individual items.

1 2.)
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PRESENTATION OF DATA: THE EVALUATION REPORT

When the entire Test/Retest procedure is completed, including
analysis, it will be necessary to gather all of the informa-
tion about it into some form of ;eport -- either for program
administrators, funding agencies or government departments,
or simply for the record. While a number of charts and tables
will have been generated during the course of designing and
implementing the instrument, it is best to summarize the data
from these sources in an ea ily accessible form. Such a sum-
mary should state clearly w at was learned, and what implica-
tions can be drawn from_wha happened.

It is recommended that a report should contain the following:

1. Description of the Test Instrument. This should be a
simple statement, describing the instrument by the number of
items it containd, how the items were grouped (if they were),
with any additional information that might be pertinent. _

2. Description of the Training Group. Information on the
number of trainees and any special characteristics by which
they were grouped should be stated.

3. Dates of Applications. The dates should be noted, to-
gether with a brief description of the circumstances where
necessary. If any radical differences between the two admin-
istrations occurred, these should also be noted.

4. The Curriculum Audit. A brief description of the type of
audit conducted, concurrent or retrospective and, if the latter,
who conducted it, should be provided. The rating form employed
should be attached to the write-up to supplement the report.

5. Reporting Trainee Analysis Results. The results of the
assessment will be described in three ways.

A. Results for the total training group: Include percent
or number correct for Test and Retest, percent and direction
of movement from one administration to the next, and whether
that movement is statistically significant. The level of that

amovement should also be noted.

B. Results for trainee subgroups: The same information
should be given here.

! .

C. Results for individual trainees: If the trainee group
was small, these results could be listed here. In most cases,
however, it would only be necessary to.refer the reader to the
appropriate table, and note-here any trends.-

..lc
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D. Interpretation of trainee results: Based on the data
presented above, some preliminary interpretations should be
offered.

6.' Reporting Item Group Analysis Results: Since the instru-
ment is designed to measure the effectiveness of the training
as well as the change in competence among traing.es, the re-
sults will be further broken down as follows: P

A. Results of overall test: Number of items correct on
the Test and Retest should be listed, with Percent of change
and whether or not that change is significant. Number of
items thal were answered correctly on both applications, in-

correctly on bpth, and that went from correct to incorrect and

incorrect tO correct should be listed.
N

B. Results for item subgroups: The same information
should be giyen for item subgroups.

C. Results for individual items: Unless the test was
extremely short, all the infdrmation for individual items need

not be reproduced here. Hower, specific trends should be
noted.

D. Interpretation: Again so e interpretation should be
offered.

7. Level and Magnitude of Score Mo ment: This information
(as described on pp. 103-113) in co ination with the results
of the application of tests of stati tical 'significance com-

prise the major data set from which iiferences concerning
training effectiveness and trainee acaievement will be drawn.

The data on score levels and mag4tudephould be presented in
ures 14 and 15A.the form of tables of the type shown in F

(Actually only one orthe other s t of tabls should be pre-
sented depending upon whether wei hted or unweighted Achieve-
ment/Competence (A+C) scores were computed.), Following the

guidelines and examples provided o pp.104-112, tables (dis-
playing Test, Retest and A+C scores) with brief summaries

should be presented for

a) the total trainee group
b) the individual trainees
c) trainee subgroups (when avhilable)

8. GenerallSummar Statem= t and ReCommtndations: Any overall

statement o the success, al ure, or u ertain performance of

the instrument, with regar to its usef lness as an evaluation

of trainees and training, hould be mad-

e oA

a
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9. Attachments: It is suggested that the 1pllowing materials
be attached to the report where their reprauction would not

involve excessive cost or labor:

1. The Item Specification Table (see Figure 1)

2. The Curriculum Audit Results (see pp. 72-73)

3. The Data Analysis Summary Profile (see Figure 13)

4. The Unweighted (or Weighted) Achievement/Competence
(A+C) Score Tables describing the "Level,and Magnitude
of Test/RetestScore Change" (see Figures 14, 15, and

15A)

5. 'The Data Analysis Summary Profile II (see Figures 16

apd 16A)

1Q I



CHAPTER VIII

ASSESSING THE TEST INSTRUMENT

An analysis of items in the ,form of a4a-gSessment of Test to
Retestlipsponse patterns has been suggested in o er to pr -
videladditiama information concerning the relativ effect. e-

ness of instruction for each subject area and fo each t inee

within subject area (see pp. 89-10). This analysis also
attempted to identify those items which were relatively in-
effective for their intended purpose of assessing levels, and

changes,in levels, of subject matter competence (pp. 91-98).

Thus, Some data on the effectiveness of the test instrurpnt itself-

was provided by the item pattern analysis. However, a more
quantitative approach to assessment of test effectivenemoan
be employed when staff-time permits. This involves ansUO:s
of the responses given by the examinee groupYto one adMinAdAxa-

tion of a series of items. T

ITEM ANALYSIS

Three kinds of data axe derived from the analysis of individual

items;
1 . \

..

1) The difficulty level of an item (defined as the total
percentage of e*aminees getting the item orrect).

2) The discriminating power of an item. (defi ed by the
degree to which an item differentiates bet\geen high

and low scoring examinees).

3) The relative'effectiveness of the item's distracters
(defined as the degree to which the examinees respond
to the item's incorrect alternatives).

Procedural Steps

For purposes of illltration, the coverage of item analysis
procedures will refer to the responses of 45 examinees to test
items assessing competence in the area of quantitative research

methods.

1. Rank the examinees frpm high to low according to total test

score.

2. Select out the upper one-third of the examinees (i.e., 15)

and the lower one-third.

121
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3. For each individual test item, tabulate the number of
examinees in the upper and lower segments who selected
the correct response and each bf the distracters. These
can be recorded on an item card designed specifically to
illustrate each item with its specific characteristics.
(see Figure 17)

4 Compute the estimate of item difficulty. The difficulty
leyeof an item is computed.by dividing the total number
of correct responses to that'item (EC) by the total number
of examinees in both groups (N).

Difficulty'(D) = MC X 100
N

The item difficulty for the sample data,(Figure 17) is:

D = 15 x 100 ='50%

30

Note: The valueS of D can range from 0 to 100%; the
larger the value the easier the item.

5 Compute the estimate of discriminatory power. The dis-
criminatory power of an achievement test item is computed
by subtracting the number of correct responses in the
lower group (CL) from the number of correct responses in
the upper group (Cu), and dividing the result by the num-
ber of examinees in the upper group (Nu).

Discriminatory Power (DP) = Cu CL

Nu

For the sample data, the estimate of discriminatory power
is:

DP = 12-3

15

= .60

6. Assess the effectiveness of item distracters. A distrac-
ter is considered effective if more examinees in the lower
than in the upper group select it as the correct answer.
The effectiveness of each distracter of an item can be
determined simply by observation of response freguf4ncies
for an item. (An example is provided below.)

Interpreting the Item Analysis Data

The general effectiveness of individual items will be judged
on the basis, of an assessment of all of the item characteristics

134
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FIGURE 11

SAMPLE CARD FORMAT WITH ITEM CHARACTERISTICS

Quantitative Research. Methods

Subject Matter: Demograkphic Analysis
Behavioral Outcome: Ability to Calculate

ITEM: Approximately how long does it take for a pop-
ulation to double if the annual growth rate is

equal to .03 (3%)?

a. 15 yeas
b. 23 years
c. 31 years
d. none of the above

ITEM ANALYSIS RESULTS (12/73)

Alternatives a ,(E)
no multiple

response response

Upper 1/3
examinees/ 0

Lower 1/1
examinees 0

12 0 3 0 0

3 12 0 0 0

Difficulty Level: 50%

Discrimination Index: .60

(comments :)
f



IDt g W 11

ID ci (t) :J tf fD
rt

Pt
R

I-, 0 L 't
rt (I) rt

I,
ID fD It, it

0 it 0 111 0 53)
14 1Q 0 (I) rt

g ID
11 U3 1.1 :t

1-, IX rt
.1 r rt rt x ft
w tl fD tt.

tt iA i!
.1 0 t 11 IN
0 .X I

'V.. 0, I, 1t,

I tr pi ty
O ID 1

C.1
1.41 1 11

11' 11.1 It 01
it I..:. '1 -

it It it
GI : Y (411;

"
0 54ft t '11
5) 'I It. ft In tt

(f. I t 1

51 ' it 1.
11., 4, t

11 1) 1
It Ir 0'11 "I

,

:

It.
I 4(

O. 4 II C. f
1

i ))0 t1 I
t. 6,

41
f,

i1

1 I

....'.'
11 1-. 0 '''S t-. H t-. t-. t-1:7
tu J J fu

..C1 0, 0 ft. (11rt 1-.1-..3:9 0"
kg C 1- El C <
al ft, 1- fu C (1' u) pi I-...

1-. rt 11.0 0 i--. if,
* ii.; 1: it--.;

. tt al
fu t-. CL

I-' 2 ,-. ' 0 f.1, : :, L t . IT, 2 ; '. ! ;
On

5 Fit f°,,1-1 8
IN 1 J. .'' ' " ..._rt ,';','f-', er-Z ie: -,-. (.' ;3. ;11 raNit, tr

rt u rt t-. It. 0 ft ;..1 ft t; ..1) ID .5.) 11:. ID IA 0 I,. < al 4 I-1 0 0 In v) 1-. a. ua 11 111 `<
ID '5) '.°J 1' I, 1- ../1. it ID ft 61)"116"1)r. g01tut:J.'66 g- 21 o fit,' P I-I c (IC t-'-u)5Dt-rft tl. .1 al .1 0. O. .5' 11 .-r t t..: el 'CI

N :-.) J4 ,/ ti p n II t 4 0 l :3' 1 < - o lin 131 al al 3, 0. :J' 0 In t, al s 1-- ii, s0 IA I- rtr.f ti tlh " :11-" rt "0 irD E11-! F-t l) (Drt irD ft*P* al ft.".
- rt it to 0 f al at x ID t 11) 0 0 'Ll tt 0 al

ID ID In U ) I I I In .0 1 1 ) f t ft 1: 1 I

( ) ( ) i . b' kL) X, 1 IN 0 if, 1 :J fu t .41 11 0 I. :J '0 - ID 0 ct ID 0:. ( t fu '.-J 0 CL .....1 1-t/

() irt) I, 1rD 0.. :11 irD :3 1 0 :1 ct Pi :1 t, 0) i- 0
I I ( 1 0, ti f u r u t p T i it, o to it. u , d i i t i in

:-, rt p.. xt u 1-4 rt rt rt CI Ul
0 fn th P rt ID IV

0
( t ) ( t ) it) I t In I ) ID CI t.1 (.) I- 1 tt I 1 1 1 I . 11 IA r U) (t q c , v. 0 :r al twit.< al rt CD

X .; 0 t h I . t). I :..1 rt. 0 rt Ts) 0 13) 11 al ft 1,.. :Y 1D 0 (I) I. al rt U) c:/ 1,
iv a) 't1 11

1, I-,
IV 0 '*: II. 03 0 11; t t t: (11 1 tl / .3' ft, 0) I th (1) :r .-- rt :1

:Di 0:.< '<:15)YU Ti in it. t LI 0 :IV). 0 .4 ft 0 11 1t1 u) f) 11 -: 0 ..:1 i it, tr
1 1 . : 1 0 5 ) 0 1 1 I t 53 s: i t ) I . 1 1 : 0 (.3 1 1 1 :1 (t ) II t 1- 11 t u) ._) I- 11) 1D ' ) 0 :3

I. di it
II in i it SO ID 1 0 :1 :1 In.'yky it. 1 tr. ft

(ti 5) 11,55. it. Ii I' .1 .: 11) /t I. 5) 11 :I t1 - .4) I 00 if 1.1 i'l 1- to (I /II ID

: lt. 11 / 1, In :1 1 / .. 01 UY It) 11 It. 1 8(1 11 i 11 t1'' 11- It. 11, lt. 1 :1 '11 o b (1 :5' It i

0 0

II, 01 1 It. It ( it. In 1). II. il) It) SD

ty 13) 1) t II tu t, ti c) it) :r 1111, (t ,-t- ri, ft) 0 ti

:r .0 0 (I r..)

'<, it.) 11 t fu /- :3

0 55. e 0 'y rt ti tt
Cu

tw''ttij111'i,
Diwi )1:1)h 11:3 1.131-

-1 . (t. I T I ( 1 I A 1 It LI 11 I: 1.11 1Y, 1.I Ili ( / :I It/ In l) 1 11.1 1 11 1. 1,1 ID 11.lull i t . itt v i i r ) itl 11 (t) i l l ) I) I 1.11 It. ( ) It. O. 1. CI II. IS it It O.
' 1 1 . It% 1 I 110 II) 1 1 II, .1 1 1 ( I It. .1 I1 11 I I I 1 1 1 1 1 ). 1 1 l .1 l ID .1' 1." :I t

t it 'I t it 0 I it, in it. ii, ' t ID it. in i t I I . 1 I ' 1 IA ( 1 . )) &I I I t III tt,

t l 0, .n I 1 ', ID ltN it r t . IL . t . t it ID

, 1 . h ... it.
It/ 11 (I. tti V/ t

1 t 1, rt.
:7' it ::,-i ,i IC I 71 I/0 ID 11 I) 11 It II ; If : in IV 3,1 it. 1

it. e t i t. i t, 1

11 :11 11 ID 0 .1 g: 1. 1 In

t I . In .1 I
.YC $s I. 11. 11,* 1) it. 11 1

In o I. I 1 In i 1 f 1 11 p.. I i I f I (it 11. Ii' 1 1 'III I''; :7: It 1:1' III: 1), ( I Y 1 ft
if 11 1 NY 1 g lil

.t. . .41 :1 It I 11 g i it/ 1 t .11 0 ill 'I 1. lb 0 .1 I 0) ,* 1 .1 Iv 0 it. 11 t
I ; i l t ; 1 ; 1 , y , It .i,t,' 6: " ',I ., i'l it' : :A 1 ', ! 1 11 /DI. '1).11: t; i4P II) 'it .1) I 1 1 ft. ..., it. 11 (1 ( )

11 : I 1 111 /1 11 I
'II tt. tt

tl.

1 f il.

: I ,f tu
it, it tt li IL It It it. . II

t
i tI I. I II 1 I. l /I 1 1 / 1 ^ 1. 1 11 .N' .11

1 1 . I t ( i IS '1 ' . 1 1 I. i t . I it. i It. I '1 11 In
I . I 1 . 0 I I I ot. I 1 il. : 1 . 1 1 1 I t ' l l I .

0 I, ( 1 11. I, !I it it I ,I p p it it it II, t

li , c !"/ .:1 init tb1 IL it II. Iii Is't II it' 11 i, .1. 8 il, Ii' :11 iiit ID
/) It) IP it. 1 it.

It'
t.at In '11 1 I. s 1 1 / 1 '

I I" 1)/ gr. I .1 III 1 . *IS I) 1 111 IP 1 .1 , I 1 t 11

I

I I i ) .1 .1. If, ,I 1 I II I II olo ill, II
1W ., (.. 1 I 0 it. (ii i1t/. I ill: ilit:

11,1 '1'0
. 1 1 , 1 I.: it I) IIo / .11 III ' I .f( I

III '1 1.A I) in 'II .. 1 .1. 1 .1 ."
1 ' (1 ( )

/1. 111 11 :, # 1 r It it in 0. ,) gp oi 1 .1

. It It .1, Ill I Iv 1. '11 I 1 I1 II II. .11/ 1 ( II. (1 1 .I. A I In 11 :1 1 1

.14 it .1 if. 11 I w e, it it
.I if'

.1 51. i hIl I .1 I ,t1 Ile ,I)

: 1 i 1 .1; " :II
5 Ilel e d . 'i . I:I 1 IV 1 1 IA 111 IV ) , 1 1, . 0. I .I) .1 , 1 .1 1 1 1 )1

t 1 0 0 1 0 .1 . . 1 , . 1 . ./. I . . i t . )1 i l l .1 h 'It ( :1 1 1 0 I I '1 11,

I It' 1 I 1 I

1 . . 1 0,* I t , .1 IT, .1 .1 (T. I.It . I I I ti I I 01. i 1

/ , , IV 111 ill; i ill.. II: 'it: 1,..11. II
It

1

....D.

/ 11 11,I" i et, R. el, of* 41 I/I 11

1 II 01, I '1 I ' 1 I 1 It 11 )10. 1;

11
1., 0 I I,

II ,1

I ,S*.,

II* 'II
'I I

11:1 III: 1%.6

. I t i t 1 , I is. . I I

/ - if.
.171. 1I 3 t, 11 I I

I



.
1'

':
! ,.

}.1

4,

.
I1..

.
...

4 a li 4 ,v
4:.

):
4 '

11'

:. 4,
1_,,

1;
...4

.4'1
44 1"

O
' :

l
- t O

.. ,
i II

I

..1 1 II
. 4, .,:

.'
II

Ila
:',-,','

ti
" I.

I. a.
al

I.
..,..

$ .
1

#
I

( I
t f

a
,

1.#

a
la

1.,1

.
a

. .
11

8
I

'
1 1

r'
1

,.:1
:i

;
la

11
1;

.
1 1 ;

a

: ;
a

a.

.
i,

11
I

1,,
,.....1:

I
..

4: _:-:
t,

%
'

}
.1.4

14
o 1

4o : "
'''

'

:
-4'4.:

.

41
..

k
t, 1

n
#

a '
a

a a
a .

4.
1

.
' a li

-

1

.
.

.

1 a 5

1
0

.
t 1

0 4
I

-.11

14

al
.1

y I, ;. a'
.to

I :
t,

1
# 1

r-.* 0 "
1.

a

7/-
1:11

I
4.

1
I /

/
/

::,
/

:I,

4
1

I

4 '
T

I
I

;
4

: ,
I 1

I ,
.

.
1

i
,

1

Y
i.4

to

11
I

1

1



H
, , , r, 1 0 , ,.7.:, ,) , . ., . v , . ,,, ,, . 4 4 0 0 In 1 ' .1) i l V 1). .1 P . .1. .1 n ' r' P s l i i W ' h ' ' r I ) " (11 S.1,- 0 xi 0 n. 0 0 fu 'Os() :I 0 ((I 1 0 0 0 0 0 ( 0 (D ii 34 3. 13.3 ID .1 l' 33( ,." 3 33 :I 1.1 I' L 11 37 .3 1,0 I)

IrD :1 71 i'D '''" " 7-. :r 'D / 7 1. T. 71 */ ./ 7.7 '7 '11 '1.,1 I 0 t Owl( i iro011 0 0 I.7 0 I 41) 40
/ : 7 ! . 0 0 / 1 1 10 ID tn 11 I i f ri

II

0 t o 0 P ( in 0. VI Ve in o 0 li It. 0 1) M 111 01< 0 '0
.1 IA 0 U.

--1
I^. 310 O. 4 I, ID II I 3) ,l) 17 (11 1 .7 3 it, 3 ft, CD 0 , 0:7 0) 0 t 14 0 a) 4, ,, w ,i, .,,, ,, . Ph 7 Wit 0 ti. fD :7 0 fu i 11. D. II o 04 0 I.

I : 1 7 7 1 71 11 i t - t I V f ) .0 I . : 1 4: It ( ( 3 7 17( Ill rt .7 43 74: : : 1 ( n ,i. ,. , .,,,,,,n ,) , It v, .1 :I (n o i l o
r . I 1. 1 ID 7 .0 :1 : I. in It ..., 1t, 713 1 ta 17 0 1 0 0 po (n . 1 0 0 II IT. 0 14 :7 171 :7

1-7 n ill 00 it it 11
0 71 0 ID 1 () 1 4 0 ': (10 It, 0 I' ID :1 It 0 :1 ft 3t( q Inqi ui 0 o :1
ta t n . 1 n o) 1 0 a) :I 0 ui (D 01.0 11 I, It, '0 0 4)

w 1: 41.

- fD M 0 11 41 71 ln .1 414,0 41 It 0 I 1, 14,0 1 It ft,
IV 4:1: " pa: 11.4 0, 4).. 0 0 0 0

tu 0 41 m 1 ( ) 1- al '1 :.1' 0. D.. .t 0, 0 (7 1; 13,7. 34 11 1 0 .7 :3 1 37 itt.7 iti. .1 4". ft ID it) " ''': (' 4111 krt) 11D3X '
I ID ID :7 14: rt 4D 0 0. fu I) (t, Iv 1) I; 0 AI I It ; It I; :I It) It I. s o i In a

ra a it
ut 0 t. 'T1 :r :I ,. 0. 0, I It in :1 tp 0 ( .: fu 17. Ir. .) 0 (11 D. 1 in tl. tu

p. oru N 'I
ti; uifl 1) I..t 0. 0 1.1 110 11 (n 0 07 m It0 rt Irl I) rt t . PI I. IP t) ft ID

t, ('I Ul ID UI It P .... It II 17 U1 ... 03 if 1 U)
37 :71 11:. I. tr)

1-. 0 0 0 01 .0 fu tY IU 0 7; II 0 D.. 11 m ft. in 1; 0 M DI M 4D
0 :.r 4) 71 .17 tu :1 (t. :r :7 tu I 0 It *1 (('Ti :3 33 '3 333 10 -1 i t./3 0 t- n ID 1. ( ) W

'II; ID1 1.") I I 0 1:7. (21 14.- it,' t" it'l 0 4-10 Q t1 M tr't3 01 :t It It a. 1

- f t ) t n -, 0 f u Q 0 1 1 It' ti o M i : 1). 0 iv': :It 7.7" IY: I". 0 0 11: " otu 0. (n :i 4t) pi 0 o 11 0. 0, 0 ,A. ID :3

N rr fu 4-. (1. 7; W ..: It 47 4) SO 0 0 07 .1 0 1 C. (t) a) 0 0 0. 0 41) 0iu tn .7 0 :1
rt ..C1 .0 0 41 it 0 1 4 ID I. () 0 0'1,1 4D :1 I fu f 1 i 0 fu p. ;I ti ..1 1). it )). s: ft ' ill I1 :DI Ii.2 tii

1
: il

al rt 0 0 M 0 0 it [D l-1 t :3 ,,.., , .0 c 0 7.: t7 fu 00.: 0 t :1 0 0 0. M t It, lIg 11 :r it/ ID
11 0 0 :7" ID :7' - 0 11 (7" 0. 413 it 0 ti. ID fu 0 I :1 - tn `II ID

' 0. 0 14 0

1- 10 - ll 10 LI (n W 0 () 10 ID ID I. tu 0 o :I M 1-.47 0. M tit: :ti il.' t f t " It). 1,1 ,I '17 .0 stt I 4?) " We: !7)* w f:47rt 0 r et 13 0 c. la ,I 1- la m o 1 o u) :r :r 11. ui ta 1 o) 0

Oct 0 co -).: :.r ln rt fu 4) 0 71 0 :7 tn O. - ID 1-4 le, 0 it. 8 )), (,,, ,) . :, I. (. u) :t () .- (p tu

it)
iv cu 0 r* :3 111 it t 11) C) It 7; 0 I. tr) I

1 - - ID O. 0. tu ID 0 ID 0 :7 x; (D tt, 0,0 0,11
1101 11:1 1 :/ 0 p :1 ID 1 t; lt. 0 ID 0 ID 0 ID :1 tu lo ta

o) In 0 0 0, In 11 0 f: 77 i )7 3 . . 11- 1:1),
1t1

7,, ut0 (it - s: ti 11) 1 M :1 tin 't1 :7 .0 17 In

,0 ti t-t. 0 o al 0 ID 41) 0 0 t, 0 0 :: ft :7 I:.
:r :7 :7 :r 0. ID
(t, rt:t a) 1 0 0 0 6- `fp'

C1 1-4 tn ::7" ''.7 0 O. 0, :r oz, It 0 ui 0, 7; 0 .7 fu 0 I. 44 -

< ID ga. rt 1:1 1--. W 0 :7* 0 :7 1 4 7",1 In 1 1

0 C. - 0 t1 fu it ;, cf, , 0 tn 0 it 0 (1) 0. 0 : Et (D 0 (1t :: .0).117 orIlt. In" 11 :1) (1,-; .101 71(0..,(,)

it ID 41 0 a, 0
1- - ID - 0 :r )1; 0 (1 fD 0 '1 Et *1 m I tl L, .; l l W 11 0
O A. tn

1 14 in 1 ti Y :7 - I-' 0 111 1- 77 :7 ID 0
t11 0 0 0. () 0:1

44 tn t.4, 0 () ti.L1 it fD w -. : r ID
M n 0 zi: ,-.. ID 0 t: 0. D. 4D D. 0 ul fl ,)I-- I- m al 0 I- F- (n tv (t 0 0 (n o 47..

,i) ,-4, , ''1.1 fu - 4: 1 VA (17 1-7 W 0 1 4.
iD M 11 tn - 3 ti Ul 07 *ti ID t. Al E fu it 0 IV 14 0 40 41) -

ft 0 0 it 0 4 . 17. 1,1, 14 47
0, o :I 77' 1

M 01 0 It :1
:1 (n LI n; ()
N 1 0 0 It 41)

117 rt 0 ID rt ' ti - 7"01 0, ID il 0 t r ) :1 -4 w 1- tr) 0 I.: ri o ,. 4. (D ID
o 41) fu 1-4 (t 0
. 0 t. tu

10 'CI ID i-0)

1-- t-.. 1 ft er - 1:. ip m v. o 1- Pi A. ID 0
(0 fu 0 ) - C. - (t) to

11, (: EI () W (0 (t W :7 0 - 44 0 A)
ID t r ) 7: ft. 0 ID 1 0 - 0 0, M M 0 0 01 0

1:1 t: - 0 0 In ut O. 0 0)
1-1 A. ID tn tr i- 0 c rt 64 i.-- ,-, .0 1- LT. o w 0. - la ri u; 0 0 t 0- :1 :Di (DUI ,troi

in 0 - rt 1- 0, ft) fl) 0 :7' 0, 10 0 0 ID 0 14 0 - pi u) u) o Li ft) it 0 0 11 t' 0
41) tn 41) 01< *0

-. o ID 0 rt 14 0 rt 01 fu Cr 14 :7 11 Cu U1 0
'< 7: 0 0 0 ID 0 :1 - - 0 1- 0 it I- ID tn

0. 0 -(71 ' ID
71 I- 0 tn ID ln

:7 < ID it 0 W 1: fu
ID

ft?. V
0 C r rt t v 1-.4) 0 0 rt (1) :5 (D s:
0 (0 (0 -1) 1-4 ID 0 1-. f u W N 0 1-. w 10 0 Fl 0 FL, :)- r) 1, 0 11 0 0 0lf: fu G. Cl it 0. (t 00 0 -- () (0 t* - 1-

. i ID 0. 4. - 0
O A. - 11 It) - L I ) t r ) 7.* 1-. - 0 1-. 44, 0 9 1-.. a l - .0 iv Ii t n :r 0 0. 0 :.) cl. rt )-- F-
M - - rt rt. ( 1 ) C u ID 0 0 E k0 p N.,: 0, If, 7 I- rt I h t- Q 7 0 fu fu IV 0 ID 0 :7 it ID ti 1 :3
01 ID u) al o or o a - Isi /I o 0 4,;;) 7 ukci Iv 1--i-u) 1, fl ...3 rt () ID

III gaj k< (DO. IlDt"r7 0 W (II .4 al et, 0 P. .-7 7 71 :3 - 0 0 li 0 Li ID 1-1 41 '0 1-..-< rt 0 11 I-. ID ID 0 0.
14 a rt la) ,..< o Pi )-. m 0 lgol fl) W 0, 71 0 0 it ID 0 7-4 01 fu - 0. tu 0 1_1 -

Cr rt
- A. 0 11 0 ID 0 'Ll

tu A. Q ID ID 0 11 ID

C 11) 14. W ID 4- c.' U) 0,70 Cl 10 111 14 r
..c) fu ID fu

(I,./ A. n.....t .pim

u rt 0 W
et7 fu 7-.: 0 IDP o (1) ko 1-4 ID ID 0 rt 4, it 0 ft 0. tn 14 0, :7 (1:. it :7 0 *1:1

CI 14 0,

J M ID W 1-* 4.0 4- 04

1 1 1 . ) . al

0, ID rt it 0 0
1-01 ID ID Cu - .0 --. 1- ID A. ID 0 C: (0 ko rt :34 c a 1- o, s: rt 0 it t.- - g 10 `7

w . ,_, h, ,--) ID 0 rt ID 0 /4 0
fu ID 1

Pi
Pi ru 0 tn

I k0 it cr ko o
0 it 1

fu 00 04 ft) - .< ID 1-. .ct
0 I' 0X 1-. ID

I

tr'; R

tp, g 2.
,o, ri. ma rt 6-

0 N 00,0 al 0 rt 0 rt 0, al to I -

rf rt ID ID 7 1 tika



127

that will be used when assessing the trainee group.* The

t

responses would then be subjected to item a alysis and the

appropriate item characteristics comp,:ted. Those items judged

most effective for purposes of assessing levels of competence

(based on the item and validity criteria presented in Chapter

II) would be selected for the final instrument. Items suspect-

ed of being ambiguous or of containing technical defects can

either be revised or discarded and replaced by new items.**
Replacement items (either fron the item reserve or newly con-

structed) would assess the same cognitive behaviors and

subject matter originally assessed by the discarded items.

The structure and content of defective items should be com-

pared with the structure and content of their replacements

in order to avoid including new items with deficiencies simi-
lar to those found in the item's they are to replace.

While item analysis data will greatly enhance the test con-

struction process, the opportunity for conducting a tryout

of items depends heavily upon the availability of a sample of

examinees that is representative (in terms of education level,

professional background, etc.) of the population of individ-

uals who will comprise the trainee group. If such a group

can be assembled (e.g., pos.sibly with individuals from a train-

ing program going on during the period of test construction)

then it is strongly recommended that an item tryout be con-

ducted.

When a preliminary administration of the items is not possible,

the procedures for test construction outlined in the text

(pp. 8-31, and pp. 35-40) and in Appendix C, if closely fol-

lowed, should be quite adequate for developing a valid (i.e.,

appropriate, fair and representative) test instrument for the

assessment of changes in levels of subject matter competence.

In addition to item analysis data a tryout of items will

provide information concerning such factors as the amount

of time- required to administer the test of X number of

items and the appropriateness and adequacy of test in-

structions and format.

** Every attempt should be made to correct 'and revise items

with suspected deficiencies;, discard them only when it is

not possible to upgrade them. This is strongly suggested
since replacement items will not have been given a tryout

and will be of unknown difficulty and discriminating
ability and therefore, of questionable effectiveness.

13j
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APPENDIX A

HISTORY OF THE DEVELOPMENT OF THE METHODOLOGY

Background

The assessment approach described in this Manual is not new

to the field of educational evaluation. The measurement and

statistical testing of score differences based on two admin=

istratilns of the same test as an indicator of the degree of

learning,;.the.t.,M16cccurred over time, is a common appraCh

used by instructors in academic situations. The Test/Retest

paradigm for assessing achievement probably dates back to

the beginnpg of the formal psychometric testing movement or

even befoie. While the evaluation of educational achieve-

ment through the applicatiqn of objective-type test instru-

ments has been widely discussed in a number of excellent

textbooks on educational measurement and assessment (see

Bibliography), no step-by-step, Manual-type guide has been

available where a training administrator who would like to

employ such methods could find the necessary information on

the planning, construction and administration of the test

instrument together with detailed statistical procedures for

the analysis and interpretation of the data that results.

The assessment procedures were originally developed in an-

swer to a request to the Division of Social and Administrative

Sciences from the Demographic Association of El Salvador.

The Division was asked to assist in evaluating a series of

training programs in terms of their effectiveness in reaching

a set of pre-defined objectives. The Association was con-

dtCting four types of population/family planning/human repro-

duceitin'ttain4ng programs, each directed toward a different

professional and paraprofessional level. One major objective

of'the programs was that the participants acquire a compre-

hensive understanding of new subject material, as well as

the abilities to apply this new learning to new problem-

solving situations. A major focus of evaluation was, there-

fore, to determine the degree of relevant learning that oc-

curred during the course of training. It was felt that

while this would not be considered a comprehensive evalu-

ation, it would provide a measure ofthe,degree to whiCh the

training programs were accomplishing some basic, short-berm

objectives.

131- 14.e,
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t T1:

Since the assessment of learning was to involve the measure-
ment of change in levels of substantive knowledge as a func-
tioh of arv. intervening' educational experience, a baseline
lexel of competence from which to measure change was re-
quired. The application of an objective-type achievement
instrument administered under a Test/Retest design was se-
lected as the most appropriate approach. Rather than con-
struct the test instrument at the Institute or send staff
members to E1 Salvador to conduct the evaluation, it was
decided that it would be more appropriate to develop a set
of guidelines for structure and content together with an
outline of the statistical procedures fired for score
analysis, to be used by the program a4minletrators them-
selves'in constructing the test instrument and conducting
their on assessment study;

-1,T}

Field Applications

Based upon secondary information feedback from the Salvador
training experience, the original guidelines for test con-
struction, administration and analysis were revised,expanded
and compiled into a draft Manual of procedures for assessing
the acquisition and application of new learning derived from
a structured training experience.*

The methodology described, while theoretically and intuitive-
ly sound, had not been subjected to controlled field-testing.
The lack of first hand field experience left questions con-
cerning the methodology's utility and validity unanswered.
It was felt that several field applications of the method-
ology under varying training conditions would be required.

* The original guidelines focussed upon changes in levels of
subject,knowledge from Test to Retest as the measure of
program impact and trainee achievement. It was later real-
ized that assessment of knowledge alone was too limited an
area of evaluation since it primarily involves tasks which
emphasize remembering, either through recall or recognition(1).
The focus was, therefore, enlarged to encompass a greater
range of cognitive behaviors.

1
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The first field application was conducted at the invitation

of the United States /Agency for International.Development

(AID); in a trainin situation involving a Governor t Spon-

sored Population/F ily Planning Program Semina -Workshop

in Washington, .D.0 The field testing was carded out from

September 1972 to January 1973.

A second field testing was carried out at the request of the

National School of Public Health, Department of Health and

Family Protection, Rennes, France which was planning a seven

week training program for French health workers at various

professional levels. The field work was conducted from

October 1973 to January 1974. The numeric-data provided in

the section on statistical analysis of response data (in-

cluding the data in APPENDIX F) were derived from this field

testing.

The third field -study was also carried out at the National

School of Public Health in Rennes. This study involved as-

sessment of changes in levels of competence among health

professionals from Francophone Africa who were participants

in a four month Family Planning'and Maternal/Child Health

Training Program being conducted under the sponsorship of

the Department of Health and Family Protection. The study

was conducted from March to October of 1974.

The content of the Manual, while derived primarily from the

field testing experiences and preparation of the guidelines

paper drew heavily from the writings of various educational

specialists whose major works are cited in the Bibliography.

Thus, the methodology described is not so much an innovative

contribution to the field of educational assessment as it is

a comprehensive synthesis of extant experimental design,

qualitative and quantitative guidelines for test instrument

planning, construction and administration and statistical

analytic techniques into a self-contained reference text for

conducting a study to assess changes in'levels of subject

matter competence as a result of participation in a struc-

tured training experience.

1 4 1
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APPENDIX B

PSYCHOMETRIC THEORY UNDERLYING THE METHODOLOGY

The purpose here is not to inundate the reader with an ex-
hauiitive exposition on the complexities of psychometric
theory as it relates to achievement testing. The body of
literature concerned with this area is So voluminous as to
preclude all but the most elementary and non-technical dis-
cussion. The assessment guidelines and methodology com-
prising this Manual should not be.acoepted, however, without
some understanding of the theory governing their effective
use. The objective here, then, is to discuss some of the,
underlying theoretical principles involved as well as to
identify the major problems encountered in measuring learning
outcomes*.

General Considerations

Measuring educational achievement requires an objective as-
sessment of what a group of students has learned (i.e., their
subject matter competence), in one or more relevant subject
areas, through a testing procedure employing a'set of .subject-
related tasks. The testing procedure must be structured so
that all examinees interpret the tasks in a similar way (to
provide a common basis for assessment), and standardized so
that the tasks- and procedures for administration and scoring
are explicit and fixed (to ensure that the same test, pro-
cedures are followed each time an assessment is'conducted)
In order that the procedures conform to an achievement test
model, the subject material comprising the tasks should be a
representative sampling of the significant subject matter
dealt with during the course of instruction. If the content

* Procedures for translating "Sublect Matter Competence" (the
specific learning outcome under study) into operational
indices of achievement amenable to objective assessment are
discussed on pp. 7-24.

134
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iof the tasks adequately reflects the rele ant subject con-

tent of the course work, then measures of success or failure

in dealing with these tasks (when administered under con-
trolled testing conditions) will provide the basis for in-

ferences concerning

(a) the effectiveness of the instructional sequence
in achieving a specific training program ob-
jective and;

(b) the magnitude of the change in th4 trainees'

levels of subject matter competence.

The use of the same test results to assess both training
effectiveness and trainee achievement is not hew to the

field of educational levaluation. According to CronbaCh (2),
every time a teacher gives a test he is testing his in-
struction as much as he is testing the student's efforts

and achievements.

Testing Design

In order to relate any change in.an individual's level of

subject competence directly to a specific training sequence,
a testing design is required that will provide a measure of

the trainee's level'of competence prior to the introduction

of instruction (i.e., a quantitative assessment of the

degree towhich a trainee has already acquired what is to

be learned). Thib pre-instructiohal level of

Competence is subsequently compared with imilar measure

obtained upon the completion of instruction. A statistical

analysis of any increases in competence levels from testing

to retesting will help determine whether such increases are

significant ori,simply due to chance. The degree of confi-

dence with which inferences can be made which relate the in7

cpases in competence to the direct effects of training in-

struction will depend upon the type of test instrument ad-

ministration design eelected.

The testing design employed in the Manual is the One-Group

Pretest-Posttest Design (3) which is represented graphically

by:

1,1
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01 X 02

Where: X = the introduction of a
treatment variable whose
effect is to measured;

01 = a measurement procedure
' conducted prior to the

introduction of the treat-
ment variable and;

02 = a measurement procedure
conducted following the
application of the treatment
variable.

In terms of the level of assessment being proposed here,
the "X" represents the structured training sequence
an educational treatment); "01" represents the pre-instruc-
tion,and "02", the post-instruction test performance with
tasks sampling cognitive competence. Operationally; then,
assessment at this level is essentially a statistical
determination of the degree to which training instruction
elevates the trainee's initial baseline level of subject
competence. This implies that a change will occur as A
result of instruction and that the magnitude of the change
can be measured quantitatively (and rela,ted directly to
that instruction).

Factors Affecting Measurement Validity

There are a number of factors* related to the technical/
structural aspects of the test instrument that must be
acted upon, due to their potential confounding effects on
the measurement outcome (to the extent that the test results
can be rendered invalid for their intended use in measuring
changes in levels of subject matter competence and relating
the changes to the impact of instruction).

* These factors are covered in greater depth in Chapter II.

1 4 -1'
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1. Test item construction Items must be constructed to
ensure that an ifibrrect response means the examinee

has not achieved ompetence in the subject area sampled
by the item and not because the vocabulaiy was vague or
too difficult or the sentence structure too complex.

2. Item content validity Inferences concerning subject
matter competence cannot be based on items that provide
an inadequate (non-representative) sample of the subject
areas and abilities covered in the instructional se-
quence.

3. Levels of item difficulty Test performance is highly
sensitive to and strongly influenced by items which
are too easy or too difficult.

4. Test directions and statements of test purpose Effects

test performance by shaping the examinee's conception
(and perception) of the task and by influencing his
level of test-taking motivation.

5. Time limits andquessinq penalties Individual differ-
ences in non-cognitive functions (not directly related
to the test behavior being measured) may enter into the
assessment when limits and penalties are imposed.

The above list, while not exhaustive, calls attention to the
fact that without proper controls test performance is vul-
nerable to the subtle and profound influences of factors
above and beyond those which the test purports to measure.

Extraneous Variations in Test Performance

In an effort to identify potential sources of extraneous in-
fluence, it is necessary to consider the effects of other
variables beyond those associated with the technical/struc-
tural nature of the instrument itself, which may pose a
threat to the internal validity of the assessment. (Internal

validity refers to the level of confidence which can be as-
cribed to .findings which infer a causal and direct relation
ship between the sequence of instruction and the level of
subject competence.) These variables can function as
"plausible rival hypotheses," offering alternative expla-
nations for the Oltn 02 difference (i.e., Pre-to Post-Test

14
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score increases), rival to the inference that "X" (i.e.,

training) causes the difference(4).

Awareness of the fact that such variables can produce effects

confounded with the effects of the training sequence is par-

ticularly important given the nature of the One-Group Pretest-

Posttest design employed in the assessment. This design,

like many employed in educational evaluation, is a quasi-

experimental design and, unlike the true experimental design*,

is employed "in situ" where necessary controls cannot always

be implemented. Further, the practical necessities of train-

ing program operations Most often preclude the use of a con-

trol group (i.e., a group that receives both administrations

of the test without the intervening educational treatment)

against which to measure the significance of change occurring

in the training group.

Campbell and Stanley(5),in presenting this design, discuss a

number of threats ,to valid inference. The following is a

list of these factors, together with a judgment as to their

potential effect on the type of assessment being proposed

here.

a. History. Between the two measurement points (i.e.,

01 & 02) other change - producing events may
have occurred in addition to the education-
al treatment variable "X".

While extraneous outside influences can produce changes

in Test/Retest measurements of certain variables (e.g.,

attitudes and opinions), their effect on subject matter

competence would be minimal. (Any activiy occurring
outside of the formal training sessions, such as home-

work assignments and informal student discussion of

course-relate pics, is an integral part of training

and not an ex raneous variable).

* A highly structured laboratory-type situation where random

assignment of subjects to treatment groups as well as other

types of controls-are employed to reduce or eliminate the

effects of variable; other than those being measured.
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Practical Considerations for Selecting the Design

It can be concluded from the above discussion that valid
Inferences concerning the effects of short-term instruction
on subject competence can be drawn from assessment proce-
dures employing the One-Group Pretest-Posttest design. It

rust be admatted,,however, that the selection of a quasi-
experimental design was based more on necessity than on
choice of the most valid design for assessment purposes.

The most valid approach would be to conduct the assessment
under conditions representative of true experimental design.
That is, individuals would be randomly assigned to one or
the other of two groups (i.e., an experimental group to

eive instruction and a control group receiving no instruc-
_tion). Soth groups would receive the Pre-Test and Post-Test '

and the changes that occurred within each group would be
compared. The score changes occurring within the control
group' (reflecting effects on scores that operate in the
absence of training) would be statistically partialled out
of the score changes in the experimental group and the
resulting.difference would be attributed to the training
sequence. A causal relationship between instruction and
significant (experimental group) post-score Increases can
be inferred with a high degree of confidence since the true
experimental design can be considered as actively controlling
the extraneous effects of history, maturation, testing,
instrumentation, etc. The difference for the experimental
group between Pre-Test and Post-Test cannot be explained by
main effects of these variables as they are found to effect
both the experimental and control groups (7); therefore, the
change is attributed to the effects of training.

One major working assumption underlies the incorporation of
the One-Group Pretest-Posttest design into the assessment
methodology comprising this Manual. This assumption is
that the type of training situation where the assessment
methodology -will most often be employed is one in which the
only individuals available for testing are the participants
themselves.

Many technical as well as practical considerations preclude
the implementation of rigidcontrols and the use of a student
'control group' in most educational settings. This is espe-
cially true in training situations where a sponsoring agency
conducts a program involving 'non-resident' participants.
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The training programs involved in the field testing of the
assessment methodology are cases in point.

The Government Agency-sponsored Population/Family Planning
Training Program conducted in Washington D.C. was attended
by health personnel from a number of developing countries
throughout the world.

7"

ce these individuals were in the
country specifically t:-Erticipate in the training, it would
not have been appropriate to divide the group randomly,into,
two subgroups with one to receive training and the other to
serve as control. Nor was it possible to secure an indepen-
dent group of subjects, matched with the trainee group on
relevant parameters (e.g., educational level, professional
background, English language proficiency, etc.) to serve as
the control.

The lack of appropriate individuals to assemble into a com-
parable control group was also evidenced in the field test
involving both the French and Francophone A rican Training
Programs in Health and Family Protection co ducted at the
National School of Public Health in Rennes, France.

The test results obtained under a quasi-ex rimental design
can be used to assess training effectivenes if the evaluator
is willing to accept certain assumptions ab ut what would
have happened to the variable being assess-4 if the individ-
uals had not been expoked to the sequence of instruction.
Essentially, the evaluator assumes that the observed changes
were due to the impact of the educational program and that
the changes would not have occurred if the trainees had not
been exposed to the program (8). For example, in th4 first
Rennes Training Program, where the assessment results display
significant increases in levels of competence in the three
major subject matter areas, it is an appropriate assumption
that the trainees would not have shown such changes in a com-
parable period of time if they had not participated in the
course of training.

The inferential power of the assessment results is greatly
enhanced provided that systematic guidelines in test con-
struction and administration are implemented and appropriate
statistieal tests and procedures are employed in the analysis
of resulting test data.

.1 ri t)



APPENDIX C

GUIDELINES AND RULES -ts-pp CONSTRUCTION OF SPECIFIC FORMS

OF OBJECTIVE l'EST ITEMS WITH EXAMPLES (9)

Constructing Mul-tiole-Choice Items
i

The standard multiple-choice item consists of a stem and a

set of,alternatives or response options. The stem can take

the form of either a complete question or an incomplete state-

ment while the alternatives provide possible answers or com-

pletions of the statement. 1The'alternatives will consist of

one correct or best response together with o or more mis-

leading options, called distracters.) The fo lowing rules,

guidel,nes and suggestions are based on this standard design.

1. A definite problem should be recoornized from the item

stem. The test taker should be able to tell, from reading

the stem of the item, what kind of competence he is expected

to demonstrate in answering. An item with an incomplete idea

in the stem, meaningless in itself, will be confusing and

take more time to figure out. An example:

Developing countries:

a. rarely formulate population policy.
b. have strong conservative elements operating

against the adaptation of family planning.

c. must develop population policy in order to

set goals and mobilize resources.
d. are among the most interesting places in the

world.

Here the test taker!is forced to read each response before
knowing what information is being looked for. Incomplete

ideas in the stem generally make it necessary to write lengthy

alternatives, and the alternatives will frequently cover a

nuMber of unrelated ideas. It is best to incl/ade as much as

possible in the sten, to ensure uniformity in the alternatives

and reduce reading time. The example would be better if worded

as.follows:

143
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National population policy is important for developing
countries because it will:

./

a. have a direct effect on the size of the populat on.
b. set goals for allocation and mobilization of r

,,Sources.
c., put them in the company of the advanced nation
d. make them more attractive to visitors.

Here the stem of the item meets a criterion which serves s a
useful check on adequacy of initial problem statement:
could be used as a short-answer type item, as "Why is na ional
population policy important for developing countries?"

2. Avoid having to repeat words in each alternative. I such
words are included in the item stem, the clarity of the item
will be increased and reading time decreased. Thus the item
that follows:

A limitation of teaching by external rewards is that:

a. punishment is more effective than external rewards.
b. many students will not be influenced by external

rewards.
c. the learner's behavior may not change as a result

of external rewards.
d. external rewards may become more important than the

act itself.

... might be better worded As below:

One of the disadvantages of the use of external rewards
in teaching is that external rewards are likely to:

a. be less effective than punishment.
b. influence only a few of the students.
c. change the learner' -s behavior.
d. become more tmportant than the learning itself.

3. Avoid negative statements in stems and responses. '2nless

significant leading outcomes require them, negatives (i.e.,
no, not, least) are best avoided because they are easily over-
looked. While test takers are expected to read items and
responses carefully, it is unfair to penalize someone for so
obvious an oversight. Also, the learning outcomes should
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stress the acquisition of and the ability to use and apply

the best or most important methods, principles, facts, theories

and not the ability to select the "exceptions to the rule" as

measured by the typical "negative" item. If for some reason

you must use a negative, underline it: e.g., Which one of the

following is not a type of oral contraceptive?

4. Use novel material and situations in formulating Problems

that aim to measure understanding of or ability to apply prin-

ciplet. As in the case of items taken verbatim from books or

lectures, you may end up measuring ability to recognize or

remember material (rote memory), rather than ability to use

what was learned. Of course, new material must be carefully
selected; it should not require knowledge and/or understanding

of areas not coV red in the course. While the situation must

be new to the examinee, try to select material as close to the

illustrations used during the course as possible.

5. Be sure no unintentional clues to the correct answer have

been written into the item stem. There are many ways in which

clues can slip in. Some examples follow:

A) In family planning education programs built around

the availability of transistor radios in particular

rural areas, one key element should be:

a. scheduling of programs when particular audiences
are likely to be listening.

b. talks by university professors.

c. scheduling programs when children are asleep.

d. standardizing the message for all parts Of the

country.

Here the clue is the word "particular," which appears both in

the stem and the correct response. The test taker will be

likely to see this association and pick correctly. The best

way to deal with this examplj world' be' to take "particular"

out of the stem, w-lere it doesn't add anything to the meaning

anyway.

B1 The Ministry of Health has commonly been selected

as the principal organization to run population,:,

programs because:
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a. it usually has responsibility for major
activities concerned with population growth.

b. it is,always well financed.
c. its clinics can provide services needed for

a population program.
d. the medical profession has never failed to

initiate and operate new programs effectively.

Here the clue is in the use of the words "use -11y," "always,"
and "never" in three of the responses. Answer c is the only
unambiguous alternative and thus most likely to be chosen.
Ambiguous terms such as these should be avoided in any case,
but using them in some responses and not in others will otten
give the answer away.

C) The net reproduction rate measures an:

a. annual increase of births over deaths.
b. annual rate at which women are replacing

themselves on the basis of prevailing
fertility, assuming no migration.

c. decennial growth rate of the population.
d. per generation growth rate.

The article an can only go with the two alternatives that
begin with vowels ( a & b), thus reducing the choice to two
alternatives. Items should be read over carefully for gram-
matical matters, particularly for grammatical agreement
between the item stem and all the responses.

In addition, the item above gives a further clue in the great
difference in length between the correct response and the
other alternatives. (Since correct responses usually require
qualifications, they tend to be longer than the distracters.)
Be sure that you don't give away the answer by trying to
squeeze in all the information needed to make it correct, un-
less you lengthen the other alternatives as well.

D) When demographers refer to the 'population pyramid,"
what are they referring to?

a. A mathematical formula for predicting population
trends.

b. A pictorial representation of the distribution
of the population by sex.

1 r
Lt)i
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c. The hierarchy of the staff of a population/

family planning agency.

The answer is partly given away by reference to a 'f'pictorial

representation," which easily refers back to the "pyramid" ip

the stem. To help make this item less easy to guess, either

the phrase "pictorial representation" could be takv out, or

the item could be reworded as followsN

In demography, the "population pyramid" is a

pictorial representation of:

a. a mathematical formula for predicting popu-

lation trends.
b. the distribution of the population by sex.

c. the hierarchy of a population /family planning

program.

6. Avoid responses that overlap or include each other. In

the example below, answers b and d include answers a and c:

An average annual growth rate of 2.8% leads to a

doubling of the population in:

a. under 15 years.

b. under 25 years.

c. over 50 years.

d. over 100 years.

If the answer was, for example, 7 years, both a and b would

be correct. The chancep of guessing would be improved.

7. Do not use a pair of opposite statements as alternatives

if one of the Pair is correct. Most test takers will limit

their choice to one of the two opposing statements, thus

reducing a four-choice it to a two-choice item, as in the

example:

The doubling of the population expected in the next

41/2 years is likely to have what effect on the growth

rate of total income?

a. The productivity of investment will increase.

b. There will be no change.

150
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c. The rate of savings will increase.
d. The rate of savings will decrease.

This problem can be avoided by employing two pairs of oppo-
siteg or eliminating the use of opposites altogether.

8. Use the alternative "none of the above" only when required
to measure specific learning. Only in cases where a trainee
must be able to determine things that do not apply should
"none of,the above" be used.

Its most appropriate use would be With items requiring numer-
ical computations where the responses can be classified as un-
equivocally correct or incorrect. If it is used frequently,
it must be the wrong answer some of those times. When it is
the right answer, the alternatives that do not apply must be
plausible, but must also in fact not apply.

9. Avoicrthe use of the alternative all of the above". The

alternative "all of the above" creates two significant dif-
ficulties. First, test takers may recognize the first re-
sponse as correct and mark it without'reading all of the
alternatives. Second, a test taker may recognize two of the
alternatives as being correct, and not know about the third.
He will still get the item correct without complete under-,
standing, however, by marking "all of the above." It is

better in these cases,to make the alternatives into a list,
and then ask the respondent to check which are correct:

a. 1 & 2
b. 1 & 3
c. 2 & 3
d. All of the above

Interpretive Exercises

An interpretive exerci6e consists of a series of objective
J.temb based on a common, set of data (written material, tables,
charts, graphs, maps or illustrations). Test items are most
commonly of the multiple-choice or alternative response type.
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Since all test takers are presented with a common set of data,
it_is.possibie to measure a variety of complex learning out-
comes.- Test takers can be asked to apply principles, in-

terpret relationships, recognize and state inferences, re-
cognize relevant information, develop hypotheses, formulate
conclusions, recognize assumptions, recognize limitations,
state significant problems, and design experimental pro-
cedures. All these are indicators of complex achievement.

The most common method of getting students to demonstrate
these abilities has been to ask them to write an essay. The

main advantage of the interpretive exercise over the essay-
type question is derived from the greater structure provided
by the interpretive exercise. Test takers cannot redefine
the problem, or arrange their answer to demonstrate only
those thinking skills in which they are most proficient.
The series of objective items forces them to demonstrate the

specific mental abilities called for. It also makes it

possible to measure separate aspects of problem-solving
ability and to use objective scoring procedures.

The validity of exercises measuring intellectual skills may
be questionnable in terms of a Test/Retest instrument except

in courses specifically designed for the development of such

skills. However, it is felt that objective-type exercises
can be useful in determining the trainee's ability to apply

new learning, or to reason in a subject area with which he

has become faMiliar during the course of instruction. In

addition, the amount of factual material given in the exercises

or aske to be provided by the pupil can be controlled: defini-

tions of terms, formulas for calculation, and the like, may be

either provided or withheld, thus regulating the difficulty of

the rest item measuring achievement, of a specific learning out-

come.

nstructino Interoretive Exercises

ere are two major tasks involved: selection of appropriate

introductory material and constructing a series of dependent

items. Special care must be taken to construct test items

that require an analysis of the introductory material -- items

that simply measure reading skill or rely on general informa-

tion apart from what is contained in the material are not

useful for the purpose for whic the exercise has been in-

1
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tended. The following suggested guidelines will aid in con-

structing valid interpretive exercises.

1. Select introductory material, that is in harmony with the

objectives of the course. Interpretive exercises, like other
testing procedures, should measure the achievement of specific

instructional goals. Success in this regard depends to a
large extent on the introductory material, since this provides
the common setting on which the specific test items are based.
If the introductory material is too simple, the exercise may
become a measure of general information recognition, recall
or simple reading skill. On the other hand, if'the material
is too complex or unrelated to instructional goals, it may
become a measure of general reasoning ability unrelated to
specific learning outcomes. Both extremes must be avoided.
Ideally, the introductory material should be-pertinent to
the course content and complex enough to call forth the
mental responses specified in the course objectives.

2. 'Select introductory material that is new to students.
In order to measure complex learning outcomes, the content cif

the introductory material must contain some novelty. Asking
students to interpret materials identical to those used in
instruction-provides no assurance that the exercise is measur-

ing anything other than rote memory. Too much ovelty, however,
umust be avoided. Materials similar to those used during the

course but which vary slightly in content or form are most

desirable. Such materials can usually be obtained by modifying
selections from textbooks, newspapers, news magazines, and
various 'reference materials pertinent to the 'course content.

3. Select introd'ictor- material that,is brief but meaningful.
One method of minimizing the influence of general reading

skill on the measurement of complex learning outcomes is to
keep the introductory material as brief as possible. Digests

of articles are frequently available and prOvide good raw

material for interpretive exercises. Where digests are un-
available, the summary of an article or a key oassage may
provide sufficient material. th sore cases, the relevant
information is sammarized more ader:ugtely in a table, diagram,

or picture.

4. Revise introductory material for clarity, conciseness, and
greater interpretive value. Although some materials (for ex-

ample, graphs) can be used without revision, most selections

1 G
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require some adaptation for testing purposes. Technical
articles frequently contain long, detailed descriptions of
events. On the other hand, news reports and digests of
articles are brief but frequently present exaggerated reports
of events to attract reader interest. While such exaggerated
reports provide excellent material for measuring the ability

to judge the relevance of arguments, the need for assumptions,

the validity of conclusions, and the like, the material must

usually be modified to be used effectively.

5. Construct test items which recuire analysis an4_interore-

tation of the introductory material. There are two common

errors in the construction of interpretive exercises which

invalidate them as a measure of complex achievement. One is

to include questions which are answered directly in the
introductory material -- that is, asking for factual infor-

mation which is explicitly stated in the selection. Such

questions measure simple reading skill. The second is to

include questions which can be answered correctly without

reading the introductory material -- that is, requiring

answers based on general information in the area. These

questions, of course, merely measure simple knowledge out-

comes.

If the interpretive exercise is to function as intended, it

should include only those test items which require pupils to

read the introductory material and to make the desired

interpretations. In sane instances, the interpretations will

require pupils to supply knowledge beyond that presented in

the exercise. In others, the interpretations will be limited

to the factual information provided. The relative emphasis

on knowledge and interpretive skill will be determined by

the specific learning outcomes being measured. Regardless

of the emphasis, however, the test items should be dependent

on the introductoav material, while at the same time calling
forth mental responses of a higher order than those related

to simple reading comprehension.

6. Make the number of test its rouahly proportional to

the length of the introductory material. It is inefficient

to have pupils analyze a long, complex selection of material

and answer only one or two questions concerning it. Although

it is impossible to specify the exact number of questiods

which sholild accompany a given amount of material, the items

presented as examples in this section illustrate a desirable
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89-90)

TESTING SIGNIFICANCE OF DIFFERENCE BY
APPLICATION OF THE t-TEST FOR RELATED VARIABLES

The computational formula for computing the t-statistic is:

t =
MD

where:

ComRuth.onal Procedures,i

M L Mean Difference Between
D Test and Retest Scores

(Qm
MD = Standard Error-of Mean

Diffrence Between Test
and Retest _Scores.

(A 'sample t-Test run is illustrated in Figure Fl. References
to the appropriate computations presented' in the figure should,
be made as each successive stage is presented in the discus-
sion.),

17, Compute for each examinee the difference between his
Test and Retest scores. This is done in the column

i labeled D. It*makes do difference which score is
subtracted from which ei.e., Test from Retest or
Retest from Test) as long as the procedure is carried
out in the same way pr all examinees.

Comment: The result of Step 1 is: the distribution
of direct score differences from which all further
computations will derive.

2 a. Compute the algebraic Mean of the score difference
(MD). First, sum all positive D values and sum al]

negative D values. Then subtract the sum of the
negative from the sum of the positive D valuei to
obtain ED.

Comment: In the sample"run,Retest-Test differences
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FIGURE Fl

t -TEST WORKSHEET

EXAMS NEE
ID
01

09
10
21
12
13
3.4
15
61

18

19
20
2r
22

ITD! SET r".
T 1 . R1

28 34
SO 42:
13 119

.24 43
23 34 .
.29 37
33 33
23 31
29

t.29
34

i3 11
18 35'

it 34
As

tea Set 1 - Renee
11/73-12/73

D
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06 t 36
17 .214fl 161 0
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0 0
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11 189
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14 34 17 a899

1 44 2.0 4a
'149 31 OP'

ED( +)I" +94°
ED( -)' 0

ED 3,0

/0.57)2

de 0.3

L D2. ViS4

XDIN IN 10.91

.05. /. 491

57 9,9710.t-

2.4'S7

DECISION* p .0/
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were cordputed, all of 44hich'were positive.
.

b. Divide the ED by N (number of examinees or pairs of
raw scores) to compute the MD:

ED
.N

3 a. compute or each examinee the squaie of the Test/.
Retest score difference. This.is done by Squaring

= each of the'values'in'the D column and recording
them in the column labeled 22v

b. Compute the Ey2 by summing all D2 values.

4. CompUta the standard deviation of the distribution
of differences (CD). The computational formula is:

(ID =,.\/.122, (MD)2

5. Compute the standard error of4the mean differences
(GMD)using the formula:

c Co .
4

M .
D

11/71:71

6. 'Compute the t-statistic from the t-ratio as follows:

ti

t

./
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Intvoretino the t -Statistic

a. Determine the value
at the 5% and/or 1%
of freedom*. These

4

of t required for significance
level and btyond for-111 degrees
values are provided in Figure

. F2.
I

Comment: In the sample run the t,values. for 30
degrees of freedom "(31-1). 'were used.

P` c

b. If the coxputed t-value is equal to or greater than;
the value required for significance at the'5% (or 1%)
level there i a statistical basis for inferiing that
the Retest score gain was significant and therefore,
that the trainees are significantly more completent,
with certain subject matter in the. post-ihstruction
period than in the pie-instruction period. Further,
if proper testing controls are employed as defined
in the_Manual,.such significant score, increases 7

. (and therefore increases'in the levels of competence)
can be related to the effects of the training expe-

trience. 4

Conversely, if the derived t-value is less than the
value required for significance at a certain level
(i.e., either the 55. or 1%), then it can be con-
cluded that there is no evidence-for significant
increases in levels of Competence from initial
testing to retesting.

'* Although both the 5% and 1% levels are provided; it is
understood that only one'or the other level will be used
'or the application of .tests of significance to a specific
body of data. That level should be selected, according
to the rules for proper statistical, testing, on an
priori" basis by the evaluatok.

.

1
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Sample t-Test Run.

tAL 171
\

For the data in Figure F1, the t-ratio is 10.97/1.10, giving
a t-value = 9.97. When applying the t-Test for Related
Variables, the number of degrees of freedom (df), to uge
when entering the table of t-vglues for various significance
levels (Fig! F2), is N-1 where N is the number of examinees
for whom both Test and Retest responses have been obtained
(in this case, 31-1=30). Wia1430 df, the --'statistic is

vsigeificant beyond the 1% level; therefore, it can be con-
s'

c/uded that the trainees 'increased their levels of com-
petence with the subject matter tested by Item Set 1 to a
significant degree from the pre-: to post - instruction periods.
Furthermore since all the proper controls were em loyed
during the entire phase of inAtrumenttoonstruction nd
administration, there is no evidence.for).netrring hat the
competences increases were due to factors other than the
direct effects of instruction.

a

1 9.1.

)
I

It
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FIGURE F
t

TABLE OF VALUES OF t AT THE 5% & 1% LEVELS OF SIGNIFICANC'

Degrees of
freedom (df)' 5%

6.314
2 2.920
3 2.353
4 2:132
5 2%015
6 1.943.

7 1.895
8 4 1.860
9 1.833
10 1.812
11

0
1.796.

12 1.782
,13 1.71
14 1.761
15 1.753
16 1.746
17 1.740
18 1.734
19 1.729
20 1.725
21 1.721
22 1.717
23 1.714
24 1.711
25 1.708
26

/
1.706

27 1.703
28 1.70f
29 1.699
30 1.697

40 1,684
60 1%671

120 1.658

IX,

- 31.821
6.965
4.541

- 3.i47
3.365
3.143
2.998
2.896
2.821
-2.764

2.718.
2.681
2.650
2.624
.2.602

2.583
2.567

.552
2? 539

2.528
2.518
2.508
,2.500
2.492
2.485
2.479'
2.473
,2.467

2.462
2.457

2.423
2.390
2.358

The numeric data in 4his table are adapted from Table 7 of
4ohn T. Roscoe: Zundamental Research Statistics for the
Behavioral Sciences, published by Holt, Rinehart and Winsto
Ific., New York City, 1969, p. 293.

0
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AN ALTERNATIVE TO THE'STANDARD t-TEST*' #

4 Two. types of c orrect answers contribute to an uncorrected
(for gtkessing; see p. 90) achievement test score: answers
guessed correctly and correct answers based upon true
competence with the subject matter under assessment. The
standard t-Test does not take teese two components of a
total score into account. Therefore, there might be some
question as to whether a significant.Test-to-Retest score
increase reflects a true increase in levels of competence
or an increase in the number of items guessed correctly.

The most appropriate, significance test to employ is one
which attempts to partial out the contribution of chance
factors (guessing correct) to total score.

The statistical test-introduced here was designed specifi-
cally for application to mean scores derived from the
administration of an objective assessment instrument under.
a Test /Retest design. In contrast to the standard test,
the test variation takes into account and attempts to
partial out the contribdtion 9f chance:in order to obtain
a more valid evaluation of the'changes in levels of

competence.

173

NOTE: Tie test variation is offered as an alternative
to.the.stadard t-Test (rather than recommended
outright) bedause it is a new procedure, its validity
yet to.be established through repeated application.
Therefore, thighew test cannot -b at this time, be con-

. sidered as a replacement for the standard t-Test.
ti Nevertheless,. we feel that it is a valuable new tech-

4,

* *The new procedure is referred to as the "z-variation" of
the standard t-Test. Although it can te applied to*the
same test data and is appropriate for small sample testing
(i.e., where N130).the z-variation is not a t-Test. The
distribution of the z-staitislic is normal, unlike the
t-statistic which has.a S6uilent's Astributiton. ,

9J
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nique, and one that is probably more appropriate than
the standard test in this situation. We would hope
that users of this Manual who are familiar with statis-
tical inference will employ this procedure and assess
its validity. We would appreciate hearing from those,
who do apply out procedure to their own testing results..
The results of applications and outside comments on the
appropriateness and validity of the procedure for its
intended purpose would be valuable.

Description of the Procedure

The steps involved in employing the alternative test will
differ according to whether the number of response choices
is constant or variable' across test items. Both situations
will be considered.

Situation I (the number of item response alternativei is
constant).

a) Definition of Variables:

X1 = number'of items Known (i.e., based on subject
competence) and scored right on Pre 7-Test

,/

X2 = :number of items known and scoredright on
Post-Test

Yl = number of items 'scored right on Pre-Test
(i.e., the sum of items guessed correct and
correct items based on competence)

Y2 = numbei-of items scored right on the Post-Test

T = total number of items (i.e., No. examinees X
No. items per testing)

N = number of,alternatives per item (N in this
case is a constant)

The test procedure will determine if an observed score
difference (i.e.,,Y2-Y1) is st4tistically significant.

b)' The ComputAtional Formula

The formula for computing the z-statistic from the
..* raw data is'provided below. (The derivation ofthe

formula is provided on p. 177 - 179.)`



z - (1)
.11 (Y2 - Yl)

\/2(T Yl+Y2)
2

c) Computational Procedures

A simple worksheet for computing the z-statistic
can be constructed similar to the t-Test work-
sheet illustrated in Figure Fl.

The only raw data required for the computations
are the distribution of raw scores by trainees
for both Test and Retest (i.e., the data in the
columns labeled "Item Set 1 - Tl/R1" in Figure Fl
All input values for the z-statistic formula are
derived from this set of data.

Sample Computations:

Yl = 737 (Sum of scores in Col. Ti)
Y2 = 1077 (Sum of scores in Col.-R1)
N = ,4 (Number of response alternatives per item)
T = 1581 (TOtal number of possible repponses per

, Item Set per testing -- 31 examinees x 51
items in Set 1)

Substituting these values in Foi-mula (1), we get

dr (1077-737)
z -

/2 (1581 - 1077+737)
2

2 (340)
_ - 680

' V2 (1581-907) VTTPT

_ 680 18.52
36.71

175

Interpreting the z-Statistic '

a) If the derived z-value is greaer .hap or equal to
1.96 but less than 2.58 (i.e.; 2'.58'>z > l.96) , the
difference is significant at'thO' 5% level and evi-
dence exists for inferring a significant increase
in the overall trainee group's level of subject
matter competence.
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b) If the derived z value is greater than or equal to 2.5
(i.e., 22:2.58), the difference is significant at the
1% level and evidence exists for inferring a signifi-
cant Pre- to post- instruction increase in overall
levels of subject matter competence.

c) If significance at or beyond other levels are required
(e.g., 0.1% level), the critical values can be found
in the "Table of Cumulative Normal Probabilities" in
any standard textbook of statistical inference.

Situation II (the number of response alternatives is
variable across items)

The testing procedure will be the same as for Situation I
with the exception of one additional step. Whereas in
the first case N is given, here it will be a derived
value -- i.e., the average number (harmonic mean).of
response choices per item.

In addition to the variables provided above (see "a) "under

0 Situation I), the following variables will be defined:*

` a = nuMber of it ms with nl choices

J =b number of it with n2 choices
c number of items with n3 choices
t = a+b+c = total number of items in test
x = number of item's correct on basis of subje

,competence
y = Aumber of items guessed'correctly
w = number of items guessed wrong

* Fqx illustration purposes the number of response choices
range from N1 to N3. More variables (e.g., d = n4, e = n5,
etc.) can be added to the harmonic mean formula to accommo-
date a wider range in the number of response choices provided

20L;
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a) Based on the assumption that the ,probability of
knowing (i.e., in this case having the subject
competence to be able to answer an item correctly)
the correct answer to an item 'is independent of
the number of-item choice,,

t - x , a b 2

4 g- t
k

n14 n2 n3

4

(the value of g in the case of the same numberiof
choices across items is t - x )

therefore,

and,

-x t-xa
(

n t nl n2

a+b+c
n -- a b c

n1 n2 n3

(2)

b) Once n is computed using 46rmula (2), the value
of x Can be substituted fir N in formula (1) and
the z-statistic computed and interpreted.

Derivat;ion of the Computational Formula for the Z-Statistic*-

The general definitional formula for the z-statiac is:

Ii Y2-Y1
f 'SE(Y2-Y1)

Y

f.'/'

* Thq variables employed in this section were previously defined
(so p. 174). .

4,

20,;
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where:

ti

.Y2-Y1 = megnitude of the difference
between aggregate Test and
Retest scores.

.SE(Y2-Y1) = Standard error of difference
between Test and Retest scores.

'In order to derive the computational formula, the standard
error (SE) of Y2-Y1 (i.ea, for items guessed correctly) mustbe defined in raw score form (the "v" refers to the "variandeof").

v(Y2-Y1) = v(Y2) + v(Y1)

but, v(Y2) = v(X2 + No. items guessed correctly on Post

= N (1-4)(T-x2)

Similarly, v(Y1) = (1 -N) (-T -X1)

Olerefdre, v(Y2 -Y1) = (1...4),(T X12X2)

Since the true values of X1 and x2 cannot be known, each gill be
expressed in terms of Yl, Y2 and T as follows:

(Y1+Y2 - (Xl+X2)4,) 2T - (X1 +X2)

N
cxr, Xl+X2 7 (Y1+Y2) - T

2 N-1

v(Y2-Y1) = 2-1.% (1-1) (T -
(Y1+Y2) T

N N
N-1

2 Yl+Y2
= Cr. /-- )



2 Yl+Y2
e SE(Y2-Y1) = = 2

the derived computational formula is:.

z = Y2-Y1

A(7

Yl+2 Y2

VT (Y2 -Y1)

\/ 2 (-T - Yl+Y2
2

44.

S

(The sampling distribution of the z-statistic is normal
with a mean of 0 and a standard derivation of 1.)

4

it

P
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Fb
4

(see pp. 90-91)

TESTING SIGNIFICANCE OF DIFFERENCE BY APPLICATION
OF THE CHI SQUARE TEST OF INDEPENDENCE

In order to illustrate the computational formula for deriving
the Chi Square (x2) Statistic, the observed frequencies in
the 2 X 2 contingency table (sqp text, page 91) can be
symbolized as follows:

4,

Testing

Pretest

Posttest

4'

ITFAS

Correct Incorrect

A f60) B (53)

C (78) D (35)

A + C B + D

A + B

N (=A+B+C+

. Using the above scheme, the computation of the X
2
Statistic !

is carried out according to the formula

N-(AD-BC)2

(A+B) (C+D) (A+C) (B+D)

Sample Computation

Employing the Composite Sc6re Data for examinee #1 (as shown
in Figure 5, p. 52, and reproduced below) the chi square
-statistic is computed as follows:

203
4.% .
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Pre.

Post

C I

60 53

78 35

.138

113

113

88' 226

2

226( (60 X 35) - (53 X 78) )

2

(113) (113) (138) (88),

226 (2100 - 4134)2

(12769) (12144) .

226 (4137156) = 04997-
l35066736 155067

6.03

Iinterpretinq the Computed Chi Square Value

In the sample 2 x 2,,table, the observed cell frequencies are
classified two wags: by "correct vs incorrect" items, and by
time of testing (Pre-Test vs Post-Test).

1

In terms of testing for significant differences, the essential
question is whether or not the two ways of categorizing the
Observed cell frequencies are independent of each other.

If the two ways of classifying are independent, then the
distribution of correct and incorrect item responses does
not depend upon the tide of testing. This is the same as
stating that the Pre-Test scores (i.e,, the distribution of
correct riem responses) do not differ significantly from the
Post-q'estiligcores.
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`ar

If the categorizations are not independent (i.e., if they
ere correlated) then there-is evidence for the fact that the
"Post-Test differs significantly from the Pre-Test in the
distribution of correct and incorrect item responsts.

1

As stated earlier, the 5 and 1% levels of significance are
used for significance testing in the analysis section. The
values of xt" required for significance (for any 2 X 2
table) are

3.84 for significance at (or beyond) the 5%, level
6.64 for significance at (or beyond) the 1% level

When the Null Hypothesis (that the Pre-Test and Post-Test,
distributions of correct and incorrect responses ate in-
dependent of each other) is re 'e ted at (or beyond) the 5 or
1% level of significance, the el ernative hypothesis that the
Pre-Test and PitOTest distributions are correlated, and
therefore sign.14antly different, is supported. Furthermore
if the Null Hypothesis is rejected, and at the same time,' the
Post-Test score is greater than its Pre-Test counterpart,
then it can be concluded that the Post-Test score gain is
statistically sig#iffcant. If the assumption that appro-
priate controls (dlscussed .11-the text) were employed during
test construction and administration is accepted, then there
is evidence for inferring, that the significant score gains
reflect increases in subject competence brought about as the
result of training

Of,

2
(For the sample data, the computed X value of 6.03 was
significant beyond the 5% level. Furthermore, the fact that
the Post-Test score, -was higher than the Pre-Test gave support
to the inference cited above for the positive impact of in-
struction on increasing the levels of general or composite
subject matter competence for trainee #1.)

2
When, on the other hand, the computed X value falleshort of
significance at the 5% or 1% level (whichever had been pre-
selected), there iscrio unequivocal evidence for significant
statistical differences between Test and Retest score dis-
tributions. Inferences of positive effects of instruction
on subject matter competence for the specific examinee
under assessment would not be supported.
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(see pp. 91-98)

Fc

QUANTthATIVE PROCEDURES
FOR CONSTRUCTING ITEM PATTERN ANALYSIS TABLES

To illustrate the construction, a set of dat from the Rennes
field tpting will be used, consisting of the responses of the
31 trainees to the 51 items of Set 1.

Figure F3 illustrates a worksheet used for recording scores
from individual answer sheets; so that.all the information is
on one form (where the numbe? of'trainees Or items i8 to
large for inclusion on a single sheet, trainees or items caR
be broken into subgroups and several sheets used, with total:VI'
added-up on4a cover sheet).

The worksheet is set up so that the number of correct and in-
correct responses on the Test and Retest may be totalled both
for each trainee and for each item., In addition, the direction
of movement of each, item from Test to Retest is shown.

Across t e top of the sheet, the number of each item is, entered.
Down the eft hand column, the ID number of each trainee. To
fill in th worksheet, the response data from each trainee's
ansWer sheet is transferred to the appropriate column: That
is, ,taM.ng the Pre-Test answer sheet for trainee #01 and
moving across the worksheet, enter a C hfor each correct re-
sponse) or an I (for an incorrect response) unaerIhe appro-
priate item number. Then, enter the total number' ,*and the
total number I in the appropriate boxes (to the riqht of the
heavy black line). The same procedure is then followed with
the Post-Test answer sheet ,for trainee #01. After the re-
sponses of both testings have been entered, the third hori-
zontal column is used to indicate the response pattern for
each item from -TAt to Retest, numbered as follows:

Test (T)

Retest (R)

CC I I

C I C I

1 2 3 4

20(i

s
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SAMPLE WORKSHEET FO

FP/MCH Program - 11/73-12/731

H

ITEM
NUMBER

T

01 R

1* 2 3 4 5

C C I I
A

C I I I C

1" 3 3
A

4C02 R

03 RCCr

C C

C
I

C

I. I C

C I
3 go

--

wRai
co

T,C
28 R

--,r

.1' C /
X:e

,1\Z
C C C1'.
3 &I 11,41

IC,

T.0
29 R

'--)

CCI
C IC C C 1 %C

-1 I 1 4 3 .1

TI
30 R

---)

.1.1C/I
C.C1Z 0 r z
4 4 3 / 33

31 R

4-1

C c I i r C

C X I C C C
£ 3 &I 41 1

ars T 8 10 , 7 ;I 22. 14

R

(1) c-3c
(2) c-ti
(3) I--)I
(4) I-->c

11. 11 ; 14 A7 20 21.

ID ad: 13

.1 I I I

Is '16 i4 3 3 4
8 4-- 10 17 6 J3
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c.

The last four vertical columns are filled in according to the
frequency o'f occurrence of each of the four Pre-Test to Post-
`Test item patterns for each trainee.

All of this information is entered for each trainee, and the
vertical columns are then totalled. Ac "s the bottom of the
page are the response patterns for each4 em: the number of
times they were answered correctly oniktilp Test and Retest, the
number of times they were correct on , incorrect on both,
and the number of times they went from or;ect to incorrect
or, from incorrect to correct.

. Down the right7hand columns are the same patterns as they
apply to each trainee: how many correct responses, how many
times they were correct both times, incorrect both times, how
many times their responses were incorrect on the Pre-Test and
correct on the Post-Test and how many times they were correct
on the Pre-Test and incorrect on the ,Post-Test.

Finally, both horizo I and vertical columns are totalled in
the lower right-hand orner,(belOw and to the right of the
heavy lines). This s rves as a check against errors in cal-
culations or recording--the totals should be-the same for both
the horizontal and vertical columns.

Note: Using the worksheet, a table can be constructed display-
ing the totals only, Figure F4 is an example of a table dis-
playing the summary scores and pattern frequencies for each
item (qn the'worksheet, thg table values'correspond to the
totals for each horizontal column). Figure F5 is an example
of a table summarizing the, scores and response patterrn
frequencies for each trainee (the table values represent the
totals for each vertical column on the worksheet). The table
in Figure F5 is similar to the type of table used in the dis-
cussion of the item response pattern analysis on pp. 91798.
When the table has been completed and 'the appropriate sta-
tistics (i.e., percentaget) calculated, the analysis of the
data will be conducted as described on pp. 94-98. ,

S

2 I.::
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FIGURE P4

ITEM RESPONSE PATTERNS
BY INDIVIDUAL ITEM

0

-

ITEM

141 )

I TOT. AL

CORILECT
PRE .POST

PRE-- -- POST (2)
TOTAL

INCORRECT
PRE POST

PRE--- PAST

TOTAL
RESPONSES

(1+2)

C-- C. C -- 1-- I - -- C

1 -4 8 11 3 5 23 20 15 8 312

'

10 . 11 4 4 21 20 16 5 313 7 16 6 1 24 , 15 14 10 314 ! 11 27 10 1 20 4 3 17 115 22 Z7 21 1 9 4 3 6 - 316 j

'i

14 26 13
X25

1 17 5 4 13 317 26 30' 1 5 1 O', 5 318 1 23 2t 18 5 8 6 1 7 319 1
.

14 9' 4 10 17 22 12 5 3110 I 21 22 14 7 10 9 2 8 3111 21 7 19 2 10 4 2 ' 8 3112 15 26' 13 2 16 5 3 13 . 3113 24 29 23 1 7 2 1 6 311 ij 19 27 18 1 12 4 3 9 3115W' 1 22 ,P1 18 4 9 10 6 3.,....." 31, 16 I'l 20 29 18 2 11 2 0 ,11 3117 : '26 22 20 6 5 9 3 2 3118 J 25 30 24 1 6 1 0 6 . 31'019 t 4 3 1 3 27 28 25 2 31 v20 I 3 13, 0 3 28 18 15 13 31'21 h 7 1 1 6 24 30 24 '0 3122
23 ,

6
20

21
21

6
16

0
4

25
11

10
10

10
6

is
5

31
3124 27 29 27 0 4 2 2 , 2 . 3125 17 24 15 & 2 14 7 5 9 0 3126 15 27' 12 3 16 4 1 15 3127 7 27 6 1 24 4 3 2i ;28. 21 28 23 0 8 .. .3 3 31

29 1 2D .48 23 2 6 3 -11 5 31
30 1 5 18 4 1 26 13 12 14

t
31

31 17 24 13 4 14 7 3 11 31
32 ; 1 17 1 0 30 14 14 16 31
33 17 31. 1'7 0 14 0 0 14 31
34 I 14 21 12 2 17 10 8 9 31
35 23 29 23 0 . 8 2 2 6 .11
36 10 21 8 2 21 10 8 13 31
33 24 30 23 '

3. 7 1 0 7 31
38 5 16 Q 3 2 26 16 13 13 31
39 10 9 4 6 21 22 16 6 31,
40, 10 23 8 2 21 8 6 15 31
41 20 n " 19 1 11 1 0 11 31 "
42 13 25 12 1 18 6 5 13 31
43 11 10 6 6 20 21 16 4 31
44 10 29 10 0 21 2 2 19 31
45 i3 25 8 0 23 6 6 17 31
46 6 21 6 0 26 10 10 15 31
47 18 26 17 - 1 13 5 4 9 31
48 11 12 4 7 20 19 12 8 31
49 4 14 4 0 27 17 17 10 31
50 5 0 0 5 26 31 26 0 31
5' 13 19 10 3 18 12 9 9 31

TOTAL 737 1087 615 122 844 494 372 472 1581

68.8% - - - - - - - - - 31.2% - - - - ->100%
100%c - - - -83.454- - 100'4<- - - - . 44.1% ---55.9%

2
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FIGURE PS

ITEM RESPONSE PATTERNS
BY INDIVIDUAL TRAINEE

(1) PRE - - - -9 POST (2) PRE----) POST

TOTAL .TOTAL TOTAL

CORRECT C-->C - -> I INCORRECT I - ->I I-->C ITEMS

ID PRE POST PRE POST (1+2)

1 ze 34 24 4 23 17 13 10 51

2 30 42 26 4 21 9 5 16 51

%3 13 19 6" 7 38 32 25 13 51

4 26 43 25 1 25 8 7 18 51

5 I 23 36 19 4 28 15 11 17 51

6 29 37 28 1 22 ' 14 ' 13 9 51

7 33 33 28 5 18 8 13 5 51

8 23 31 16 7 28 2 13 15 51

9 28 32 22 6 23 19 13 10 51

10 29. 34 25 4 22 17 13 9 51

11 25 34 21 4 26 17 13 13 5.1

12 . '13 29 12 . 1 38 .22 17 51

13 18 35 15 3 33 16 13 20 51

14 22 35 17 5 29 16 11 18 51

15 24 36 20 4 27 15 11 ' 16 51

16 16 36 11 5 35 15 10 26

" 17 31 41 30 1 20 10 99 11 51

la 20 36 17 3 31 15 12 19 51

19 19 36 16 3 32 15 12. 20 51

20 21 41 20 1 30 19 9 -, 21 51

21 29 37 25' 4 22 14 I0 12 51

22 8 31 a* 5 3 43 20 17 26 51

23 27 35 22 5 24 16 11 13 51

24 29 ' 36 23 6 22* 15 9 .13' 51

25 28 38 26 2 23 13 11 12 51

26 23 38 21 2 28 13 11 . 17 51

27 27 29 15 12 24 22 10 14 51

28 29 39 : 25 4 22 12 8 14 51

29 18 38 16' 2 33 13. 11 , 22 51

30 22 .35 . 16 6 29 16 10 19 51

31 26 31 23 3 25 20 17 8 51

TOTAL: 737 1087. 615 - 122 844 494 372 , 472 1581

46.6% - - - - - - -53:A% - - - - - - - - -- - - r 31.2% - - _ _ _
100%4- 83.4% -- -16.6% 100%4 - - -

0

.
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APPENDIX G

MATHEMATICAL, EQUATION AND PARAMETER VALUES' FOR GENERATING
THE WEIGHTED ACHIEVEMENT/COMPETENCa-SCORE CURVES

The general equation that describes mathematically the family
of curves, one series of, which is presented in Figure 15, is

(R T) N 2

I

N
2
- T 2

where: T = Test Score
R = Retest Score
N = Total Number of

Items in Test In-
strument

I = Wei ed Achievement
Co petence Score

The values of the T, R and I parameters* used to generate the
specOic curves presented in the figure are as follows:

J=0

T R.

1=10

T R

1=20 , .

T R T

1=30

R T

1=40

R

c 0 0 0 10 0 20 0 30 0 40
10 10 10, 19.9 10 29.8 10 39.7 10 49.6
20 2 20 29.6 20 19.2 20 48.8 20 58.4
30 3N '30 39.1 30 49.2 30 57.3 30 66.4
440 40 , 40 48.4 40 S6.8 40 65.2 '40 73.6
50 50 ' 50. 57.5 50 65.0 .50 72.5 50 80.0

'60 60 60 66.4 60 72.8 60 79.2 60 85.6
70 70 70 75.1 74 80.2 70 85.3 70 90.4
e0, 80

.

80 83.6 80 87.2 80 ., 90.8 80 94.4
90 90 90 91.9 90 93.8 90 95.7 90 97.6

1=50 0 4=60 1=70 1=80 1=90

0 T R.- T R T R.
--I -- T R T- R)--

0 50 0 60 0 70 0 80 0 90'
10 59.5 10 69.4 10 79.3 10 89.2 10 99.1
20 68.0 20 77.6 20 87.2 20 96.8
30 75.5 30 84.6 30 93.7
40 82.0 40 90.4 40 98.8?
50 87.5 50 95.0
60 92%0 60, 99'.4' .

70 95.5 71:r 99.6
'80$ 98.0
90 99.5,

-t

*
N=109

2
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